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Anatomy and Physiology 
Laboratory Safety Guidelines* 

1. Upon entering the laboratory, loeate exits f fire extinguisher f fire blanket, ehemieal 
shower, eyewash station, first aid kit f eontainers for broken glass f and materials for 
eleaning up spills. 

2. Do not eat f drink f smoke f handle eontaet lenses f store food f or apply eosmeties or lip 
balm in the laboratory. Restrain long hair f loose elothing, and dangling jewelry. 

3. Students who are pregnant, taking immunosuppressive drugs f or who have any other 
medieal eonditions (e.g. f diabetes, immunological defeet) that might neeessitate speeial 
precautions in the laboratory must inform the instructor immediately. 

4. VVearing eontaet lenses in the laboratory is inadvisable because they do not provide eye 
proteetion and may trap material on the surface of the eye. Soft eontaet lenses may 
absorb volatile ehemieals. If possible, wear regular eyeglasses instead. 

5. Use safety glasses in all experiments involving liquids f aerosols, vapors f and gases. 

6. Deeontaminate work surfaces at the beginning and end of every lab period, using 
a eommereially prepared disinfeetant or 10% bleaeh solution. After labs involving 
disseetion of preserved material, use hot soapy water or disinfeetant. 

7. Keep all liquids away from the edge of the lab beneh to avoid spills. Clean up spills of 
viable materials using disinfeetant or 10% bleaeh solution. 

8. Properly label glassware and slides. 

9. Use meehanieal pipetting deviees; mouth pipetting is prohibited. 

10. VVear disposable gloves when handling blood and other body fluids f mucous 

membranes, and nonintaet skin f and when touching items or surfaces soiled with blood 
or other body fluids. Change gloves between procedures. VVash hands immediately 
after removing gloves. (Note: Cover open cuts or serapes with a sterile bandage before 
donning gloves.) 

11. Plaee glassware and plasticware eontaminated by blood and other body fluids in a 

disposable autoclave bag for deeontamination by autoclaving f or plaee them direetly 
into a 10% bleaeh solution before reuse or disposal. Plaee disposable materials such 
as gloves, mouthpieces f swabs f and toothpieks that have eome into eontaet with body 
fluids into a disposable autoclave bag and deeontaminate before disposal. 

12. To help prevent eontamination by needlestiek injuries f use only disposable needles and 

laneets. Do not bend the needles and laneets. Needles and laneets should be plaeed 
promptly in a labeled, puncture-resistant f leakproof eontainer and deeontaminated, 
preferably by autoclaving. 

13. Do not leave heat sources unattended. 

14. Report all spills or aeeidents, no matter how minor f to the instructor. 

15. Never work alone in the laboratory. 

16. Remove proteetive elothing before leaving the laboratory. 


*Adapted from: 

Biosafety in Mierobiologieal and Biomedieal Laboratories (BMBL), Fifth Edition. 2007. U.S. Government Printing 
Offiee. Washington, D.C. www.cdc.gov/od/OHS/biosfty/bmbl5/bmbl5toc.htm 

Centersfor Disease Control. 1996. "Universal Precautionsfor Prevention of Transmission of HIV and Other Bloodborne 
infeetions." Washington, D.C. www.cdc.gov/ncidod/dhqp/bp_universal_precautions.html 

Johnson, Ted, and ehristine Case. 2010. Laboratory Experiments in Mierobiology, Ninth Edition. San Franeiseo: 
Pearson Benjamin Cummings. 

Sehool ehemistry Laboratory Safety Guide. 2006. U.S. Consumer Product Safety Commission. Bethesda, MD. 
www.cpsc.gov/CPSCPUB/PUBS/NIOSH2007107.pdf 
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T he philosophy behind the revision of this manual mir- 

rors that of all earlier editions. It refleets a still develop- 
ing sensibility for the way teaehers teaeh and students 
learn, engendered by years of teaehing the subject and by 
listening to the suggestions of other instmetors as well as 
those of students enrolled in multifaceted healtheare pro- 
grams. Human Anatomy & Physiology Laboratory Manual, 
Main Version was originally developed to faeilitate and enrieh 
the laboratory experience for both teaehers and students. This 
edition retains those same goals. 

This manual, intended for students in introductory human 
anatomy and physiology courses, presents a wide range of 
laboratory experiences for students eoneentrating in nursing, 
physieal therapy, dental hygiene, pharmaeology, respiratory 
therapy, and health and physieal education, as well as biol- 
ogy and premedieal programs. It differs from other versions 
of Human Anatomy & Physiology Laboratory Manual in that 
it does not eontain detailed guidelines for disseeting a labora- 
tory animal. The manual’s eoverage is intentionally broad, 
allowing it to serve both one- and two-semester courses. 


Basie Approaeh and Features 

The generous variety of experiments in this manual pro- 
vides flexibility that enables instmetors to gear their labo- 
ratory approaeh to speeifie aeademie programs, or to their 
own teaehing preferenees. The manual is still independent 
of any textbook, so it eontains the background discussions 
and terminology neeessary to perform all experiments. Such 
a self-eontained learning aid eliminates the need for students 
to bring a textbook into the laboratory. 

Eaeh of the 46 exercises leads students toward a eoher- 
ent understanding of the structure and function of the human 
body. The manual begins with anatomieal terminology and an 
orientation to the body, which together provide the neeessary 
tools for studying the various body systems. The exercises that 
follow refleet the dual focus of the manual—both anatomi- 
eal and physiologieal aspeets reeeive eonsiderable attention. 
As the various organ systems of the body are introduced, the 
initial exercises focus on organization, from the cellular to 
the organ system level. As indieated by the table of eontents, 
the anatomieal exercises are usually followed by physiologieal 
experiments that familiarize students with various aspeets of 
body functioning and promote the eritieal understanding that 
function follows structure. Homeostasis is continually empha- 
sized as a requirement for optimal health. Pathologieal eondi- 
tions are viewed as a loss of homeostasis; these discussions 
ean be reeognized by the homeostatie imbalanee logo within 
the deseriptive material of eaeh exercise. This holistie approaeh 
encourages an integrated understanding of the human body. 


Features 

• The numerous physiologieal experiments for eaeh organ 
system range from simple experiments that ean be performed 
without speeialized tools to more complex experiments 
using laboratory equipment, computers, and instmmentation 
techniques. 


• The laboratory Review Sheets following eaeh exercise 
provide spaee for reeording and interpreting experimental 
results and require students to label diagrams and answer 
matehing and short-answer questions. 

• In addition to the figures, isolated animal organs such as 
the sheep heart and pig kidney are employed to study anat- 
omy because of their exceptional similarity to human organs. 

• All exercises involving body fluids (blood, urine, 
saliva) ineorporate current Centers for Disease Control and 
Prevention (CDC) guidelines for handling human body 
fluids. Because it is important that nursing students, in par- 
ticular, learn how to safely handle bloodstained artieles, 
the human focus has been retained. However, the deeision 
to allow testing of human (student) blood or to use animal 
blood in the laboratory is left to the diseretion of the instme- 
tor in aeeordanee with institutional guidelines. The CDC 
guidelines for handling body fluids are reinforeed by the lab- 
oratory safety procedures deseribed on the inside front eover 
of this text, in Exercise 29: Blood, and in the instmetor’s 
Guide. You ean photoeopy the inside front eover and post it 
in the lab to help students beeome well versed in laboratory 
safety. 

• Five ieons alert students to speeial features or instme- 
tions. These include: 



The disseetion seissors ieon appears at the beginning of 
aetivities that entail the disseetion of isolated animal 
organs. 


The homeostatie imbalanee ieon direets the stu- 
dent’s attention to eonditions representing a loss of 


homeostasis. 


▲ A safety ieon notifies students that speeifie safety pre- 

cautions must be observed when using eertain equip- 
ment or conducting particular lab procedures. For example, 
when working with ether, a hood is to be used; and when 
handling body fluids such as blood, urine, or saliva, gloves are 
to be worn. 



BIOPAG 


The BIOPAC ieon in the materials list for an 
exercise elearly identifies use of the BIOPAC 
Student Lab System and alerts you to the equipment needed. 
BIOPAC is used in Exercises 14, 18, 20, 21, 31, 33, 34, and 
37. The instmetions in the lab manual are for use with 
the BIOPAC MP36/35 and MP45 data acquisition unit. Note 
there are some exercises that are not eompatible with the 
MP45 data acquisition unit. For those exercises, the MP45 
will not be listed in the materials seetion. The instmetions 
included in the lab manual are for use with BSL software 
3.7.5 to 3.7.7 for Windows and BSL software 3.7.4 to 3.7.7 
for Mae OS X with some exceptions. Refer to the Materials 
seetion in eaeh exercise for the applieable software version. 
For instmetors using the MP36 (or MP35/30) data acquisi- 
tion unit using BSL software versions earlier than 3.7.5 (for 
Windows) and 3.7.4 (for Mae OS X), aeeess BIOPAC 
instmetions in MasteringA&P for Exercises 14, 18, 20, 21, 
31, and 34. 
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PEx 


The PhysioEx ieon at the end of the materials list for an 


exercise direets students to the eorresponding PhysioEx 
computer simulation exercise found in the baek of the lab 
manual. 

• Other data acquisition instmetions are available in 
MasteringA&P, including: 


PowerLab® instmetions 

For Exercises 14, 21, 31, 33, 34, and 37, instmetors using 
PowerLab equipment may print these exercises for student 
handouts. 


iWorx® instmetions 

For Exercises 14, 18, 21, 31, 33, 34, and 37, instmetors using 
iWorx equipment in their laboratory may print these exercises 
for student handouts. 


Intelitool® Instmetions 

Four physiologieal experiments (Exercises 14i, 21i, 31i, and 
37i) using Intelitool equipment are available. instmetors us- 
ing Intelitool equipment in their laboratory may print these 
exercises for student handouts. 


What's New 

In this revision, we have continued to try to respond to 
reviewers’ and users’ feedbaek eoneerning trends that are 
having an impaet on the anatomy and physiology laboratory 
experience, most importantly: 

• The ongoing seareh for good pedagogy and effeetive use 
of laboratory time 

• The need to develop eritieal thinking skills 

• The desire for more frequent quizzing delivered in both 
print and media formats, and for more computer-based prae- 
tiee exercises 

• The need for laboratory simulations 

The speeifie ehanges implemented to address these trends are 
deseribed next. 

NEW! Extensive lnstructor 
Support Materials 

Instructor y s Resource DVD (0321884981 / 9780321884985) 
New for this edition, the instmetor’s Resource DVD (IRDVD) 
organizes all instmetor media resources into one eonvenient 
loeation and allows for easy quizzing in the lab. The IRDVD 
provides both JPEG and PowerPoint fíles of all fígures and 
tables from the manual, with enlarged labels and easy-to- 
read type for optimal presentation. 

IRDVD resources include: 

• Labeled and unlabeled JPEG files of all numbered 

figures and tables. An extra set of JPEG files provides unla- 
beled figures with leader lines for quick and easy quizzing 
in the lab. 

• Customizable PowerPoint files of all figures, with edit- 
able leader lines and labels. 

• A&P Flix™ Animations 

• New Bone and Disseetion videos 


• Updated Eleetronie Test Bank of Pre-Lab and Post- 
Lab Quizzes 

• PAL 3.0 Instructor Resources: All images from PAL 
3.0 in JPEG and PowerPoint format, with editable labels and 
leader lines, and embedded links to relevant 3-D anatomy ani- 
mations and bone rotations. instmetors ean quickly and easily 
ereate assignments based on the structures they eover in their 
course. Also included is an index of anatomieal structures 
eovered in PAL 3.0. 

NEW! MasteringA&P® with 
Pearson eText 

MasteringA&P is an online learning and assessment system 
proven to help students learn. It helps instmetors maximize 
lab time with customizable, easy-to-assign, automatically 
graded assessments that motivate students to learn outside 
of elass and arrive prepared for lab. The powerful gradebook 
provides unique insight into student and elass performanee, 
even before the first lab exam. As a result, instmetors ean 
spend valuable time where students need it most. 

MasteringA&P resources include: 

• NEW! Bone and Disseetion Videos review key bones 
and organ disseetions found in the lab manual. Eaeh video 
is supported with aetivities with hints and speeifie wrong 
answer feedbaek to help students preview or review for lab 
exercises involving disseetion and bone identifieation. 

• NEW! Drag-and-Drop Art Labeling Questions let stu- 
dents assess their knowledge of terms and structures. 

• IJpdated! Assignable pre-lab and post-lab quizzes for 

all 46 exercises in the lab manual. 

• Assignable quizzes and lab praetieals from the PAL™ 
3.0 Test Bank. 

• Assignable pre-lab and post-lab quizzes for 
PhysioEx™ 9.1. 

• Aeeess to PAL 3.0 and PhysioEx 9.1 in the Study Area. 

• Instructor Aeeess to IRDVD eontent. A 24-month sub- 
seription to MasteringA&P is included with eaeh new eopy of 
the lab manual, and provides aeeess direetions and an aeeess 
eode. 

In addition, MasteringA&P New Design is now available 
and offers: 

• Seamless integration with Blaekboard Learn. Using a 
Blaekboard Building Bloek, this integration delivers stream- 
lined aeeess to your customizable eontent and highly person- 
alized study paths, responsive learning tools, and real-time 
evaluation and diagnosties within the context of Blaekboard 
Learn. 

• Student registration offers temporary aeeess, allow- 
ing students to aeeess their Mastering course materials from 
day one, but defer payment for up to 17 days while they are 
waiting for finaneial aid. 

• Improved registration experience provides a single 
point of aeeess for instmetors and students who are teaehing 
and learning with multiple Mastering courses. 
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• Simple user interfaee allows for quick and easy aeeess 

to Assignments, eText (also available offline with an iPad® 
app), and Results, and more options for course customization. 

• Communication Tools, including Email, Chat, 
Discussion Boards, and ClassLive Whiteboard ean be used 
to foster eollaboration, elass partieipation, and group work. 

NEW! Customization Options 

An enhaneed custom program allows instmetors to piek and 
ehoose eontent to tailor the lab manual to their own course. 
instmetors ean now customize the lab manual at the aetivity 
level, seleeting only those aetivities they assign. Eaeh aetivity 
includes relevant background information, full-color figures, 
tables, and eharts. 

For information on ereating a custom version of this 
manual, visit www.pearsonlearningsolutions.com/, or eontaet 
your Pearson representative for details. 

NEW! Group ehallenge Aetivities 

Designed to teaeh eritieal thinking skills, these new aetivi- 
ties ehallenge students to find the relationships between 
anatomieal structures and physiologieal eoneepts, and to use 
that information to understand anatomy and physiology at a 
deeper level. 

New Group Challenge Aetivities include: 

Ex. 1: The Language of Anatomy, p. 10 

Ex. 2: Odd Organ Out, p. 24 

Ex. 5: Compare and Contrast Membrane 

Transport Proeesses, p. 62 

Ex. 6: 1 Identifying Epithelial Tissues, p. 74 

2 Identifying Connective Tissues, p. 83 

Ex. 9: Odd Bone Out, p. 128 

Ex. 11: Articulations: “Simon Says,” p. 179 

Ex. 13: Name That Muscle, p. 220 

Ex. 17: Odd (Cranial) Nerve Out, p. 292 

Ex. 19: Fix the Sequence, p. 318 

Ex. 22: Odd Reeeptor Out, p. 355 

Ex. 27: Odd Hormone Out, p. 411 

Ex. 28: Thyroid Hormone Case Studies, p. 420 

Ex. 32: Fix the Blood Traee, p. 481 

Ex. 35: Compare and Contrast Lymphoid 

Organs and Tissues, p. 530 

Ex. 39: Odd Enzyme Out, p. 601 

Ex. 40: IJrinary System Sequencing, p. 617 

Ex. 42: Reproductive Homologues, p. 638 

Ex. 45: Odd Phenotype Out, p. 674 

NEW! Improved Organization and 
Streamlined Text 

This edition features key improvements to the lab manual’s orga- 
nization. Seleet eontent has been moved and divided for better 
effieieney in the lab. Important information from two smaller 
exercises is now integrated into other appropriate exercises: 


serous membranes are now more elaborately discussed in 
Ex. 1 (Language of Anatomy), and th tfetal skull is eovered in 
Ex. 12 (Axial Skeleton). We have also divided two exercises 
that were previously very large: The Spinal Cord and Spinal 
Nerves (Ex. 19) is now eovered separately from The Auto- 
nomie Nervous System (Ex. 20). In addition, eoverage of vision 
has been divided into two exercises: Anatomy of the Visual 
System (Ex. 23) and Visual Tests and Experiments (Ex. 24). 
Please refer to the new detailed Table of Contents for ehanges 
to the numbering of Ex. 8-24 (the numbering of Ex. 1-7 and 
Ex. 25^46 remains the same as the previous edition). 

Other improvements to the lab manual include carefully 
edited, more aeeessible language; a new, user-friendly design 
featuring eheeklists that help students traek their progress; and 
updated terminology that refleets the most reeent information 
in Terminologia Anatomiea and Terminologia Histologiea. 


Stiident Supplements 

PALPraetiee Anatomy Lab™ 3.0 

Praetiee Anatomy Lab (PAL) 3.0 is an indispensable vir- 
tual anatomy study and praetiee tool that gives students 24/7 
aeeess to the most widely used laboratory speeimens includ- 
ing human eadaver, eat, and fetal pig as well as anatomieal 
models and histologieal images that are used in the laboratory. 

PAL 3.0 features: 

• An interaetive eadaver that allows students to peel baek 
layers of the human eadaver and view hundreds of brand-new dis- 
seetion photographs speeifieally eommissioned for this version. 

• interaetive histology that allows students to view the 
same tissue slide at varying magnifieations. 

• Quizzes give students more opportunity for praetiee. 

Eaeh time the student takes a quiz or lab praetieal exam, a 
new set of questions is generated. 

• Integration of nerves, arteries, and veins aeross body 
systems. 

• Integrated muscle animations of the origin, insertion, 
aetion, and innervations of key muscles. 

• Rotatable bones help students appreeiate the three- 
dimensionality of bone structures. 

PAL 3.0 is available in the Study Area of MasteringA&P. The 
PAL 3.0 DVD ean also be paekaged with this lab manual at 
no additional eharge. 


PEx 


NEW! PhysioEx™ 9.1 


PhysioEx 9.1 provides easy-to-use laboratory simulations in 
12 exercises, eontaining a total of 63 physiology laboratory 
aetivities. 9.1 features input data variability that allows you 
to ehange variables and test out various hypotheses for the 
experiments. It ean be used to supplement or substitute for 
wet labs. PhysioEx allows students to repeat labs as often as 
they like, perform experiments without harming live animals, 
and conduct experiments that are difficult to perform because 
of time, eost, or safety eoneerns. 


PhysioEx 9.1 software features: 

• Input data variability that allows students to ehange 
variables and test various hypotheses for the experiments. 
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• New online format with easy step-by-step instmetions 

puts everything students need to do to eomplete the lab in one 
eonvenient plaee. Students gather data, analyze results, and 
eheek their understanding, all on sereen. 

• Stop & Think Questions and Prediet Questions help 
students think about the eonneetion between the aetivities and 
the physiologieal eoneepts they demonstrate. 

• Greater data variability in the results refleets more 
realistieally the results that students would encounter in a wet 
lab experiment. 

• New Pre-lab and Post-lab Quizzes and short-answer 
Review Sheets are offered to help students prepare for and 
review eaeh aetivity. 

• Students ean save their Lab Report as a PDF, which 
they ean print and/or email to their instmetor. 

• A Test Bank of assignable pre-lab and post-lab 
quizzes for use with TestGen® or its course management 
system is provided for instmetors. 

• Seven videos of lab experiments demonstrate the actual 
experiments simulated on-sereen, making it easy for students 
to understand and visualize the context of the simulations. 
Videos demonstrate the following experiments: Skeletal 
Muscle, Blood Typing, Cardiovascular Physiology, Use of 
a Water-Filled Spirometer, Nerve Impulses, BMR Measure- 
ment, and Cell Transport. 

PhysioEx 9.1 topies include: 

• Exercise 1: Cell Transport Meehanisms and Permeabi- 
lity. Explores how substances eross the eell membrane. Topies 
include: simple and faeilitated diffusion, osmosis, filtration, 
and aetive transport. 

• Exercise 2: Skeletal Muscle Physiology. Provides 
insights into the complex physiology of skeletal muscle. 
Topies include: eleetrieal stimulation, isometrie eontraetions, 
and isotonie eontraetions. 

• Exercise 3: Neurophysiology of Nerve Impulses. Inves- 
tigates stimuli that elieit aetion potentials, stimuli that inhibit 
aetion potentials, and faetors affeeting the conduction veloe- 
ity of an aetion potential. 

• Exercise 4: Endoerine System Physiology. Investigates 
the relationship between hormones and metabolism; the 
effeet of estrogen replaeement therapy; the diagnosis of dia- 
betes; and the relationship between the levels of eortisol 
and adrenoeortieotropie hormone and a variety of endoerine 
disorders. 

• Exercise 5: Cardiovascular Dynamies. Allows students 
to perform experiments that would be difficult if not impos- 
sible to do in a traditional laboratory. Topies include: vessel 
resistanee and pump (heart) meehanies. 

• Exercise 6: Cardiovascular Physiology. Examines vari- 
ables influencing heart aetivity. Topies include: setting up 
and reeording baseline heart aetivity, the refraetory period 
of eardiae muscle, and an investigation of faetors that affeet 
heart rate and eontraetility. 

• Exercise 7: Respiratory System Meehanies. Investi- 
gates physieal and ehemieal aspeets of pulmonary function. 
Students eolleet data simulating normal lung volumes. Other 
aetivities examine faetors such as airway resistanee and the 
effeet of surfactant on lung function. 


• Exercise 8: Chemical and Physieal Proeesses ofDigestion. 
Examines faetors that affeet enzyme aetivity by manipulating (in 
eompressed time) enzymes, reagents, and incubation eonditions. 

• Exercise 9: Renal System Physiology. Simulates the 
function of a single nephron. Topies include: faetors influ- 
eneing glomemlar filtration, the effeet of hormones on urine 
function, and glucose transport maximum. 

• Exercise 10: Aeid-Base Balanee. Topies include: respira- 
tory and metabolie aeidosis/alkalosis, and renal and respira- 
tory eompensation. 

• Exercise 11: Blood Analysis. Topies include: hematoerit 
determination, erythroeyte sedimentation rate determination, 
hemoglobin determination, blood typing, and total eholes- 
terol determination. 

• Exercise 12: Serologieal Testing. Investigates antigen- 
antibody reaetions and their role in elinieal tests used to 
diagnose a disease or an infeetion. 

The PhysioEx 9.1 CD-ROM is available in a value paekage 
of the lab manual for no additional eharge and is available in 
the Study Area of MasteringA&P. 

Also Available 

Praetiee Anatomy Lab 3.0 Lab Guide 

without PAL 3.0 DVD (0-321-84025-9) 
with PAL 3.0 DVD (0-321-85767-4) 

by Ruth Heisler, Nora Hebert, Jett Chinn, Karen Krabben- 
hoft, Olga Malakhova 

Written to aeeompany PAL™ 3.0, the new Praetiee Anatomy 
Lab 3.0 Lab Guide eontains exercises that direet the student 
to seleet images and features in PAL 3.0, and then assesses 
their understanding with labeling, matehing, short answer, 
and fill-in-the-blank questions. Exercises eover three key lab 
speeimens in PAL 3.0—human eadaver, anatomieal models, 
and histology. 

The Anatomy Coloring Book, 

Fourth Edition (0-321-83201-9) 

by Kapit and Elson 

For more than 35 years, The Anatomy Coloring Book has 
been the best-selling human anatomy eoloring book! A useful 
tool for anyone with an interest in learning anatomieal strne- 
tures, this eoneisely written text features preeise, extraordi- 
nary hand-drawn figures that were erafted espeeially for easy 
eoloring and interaetive study. The Fourth Edition features 
user-friendly two-page spreads with enlarged art, elearer, 
more eoneise text deseriptions, and new boldfaee headings 
that make this elassie eoloring book aeeessible to a wider 

range of learners. 

A Brief Atlas of the Human Body, 

2nd Edition (o- 32 i- 6626 i-x) 

by Hutchinson, Mallatt, Marieb, Wilhelm 

This full-color atlas includes 107 bone and 47 soft-tissue pho- 
tographs with easy-to-read labels, and a eomprehensive histol- 
ogy photomierograph seetion eovering basie tissue and organ 
systems. 
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Instmetor's Guide (0-321-86170-1) 

by Marieb, Mitehell, Smith 

This guide aeeompanies all versions of the Hiiman Anatomy 
& Physiology Laboratory Manual and includes detailed diree- 
tions for setting up the laboratory, time allotments for eaeh 
exercise, eommon problems encountered in the lab, alterna- 
tive aetivities, and answers to the pre-lab quizzes, aetivity 
questions, and review sheets that appear in the Lab Manual. 
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Getting Started—What to Expect, 
The Seientifie Method, and Metries 


T wo hundred years ago seienee was largely a plaything 

of wealthy patrons, but today’s world is dominated by 
seienee and its teehnology. Whether or not we believe 
that such domination is desirable, we all have a responsibil- 
ity to try to understand the goals and methods of seienee that 
have seeded this knowledge and teehnologieal explosion. 

The bioseienees are very speeial and exciting because 
they open the doors to an understanding of all the wondrous 
workings of living things. A course in human anatomy and 
physiology (a minute subdivision of bioseienee) provides 
such insights in relation to your own body. Although some 
experience in seientifie studies is helpful when beginning a 
study of anatomy and physiology, perhaps the single most 
important prerequisite is curiosity. 

Gaining an understanding of seienee is a little like 
beeoming acquainted with another person. Even though a 
written deseription ean provide a good deal of information 
about the person, you ean never really know another unless 
there is personal eontaet. And so it is with seienee—if you are 
to know it well, you must deal with it intimately. 

The laboratory is the setting for “intimate eontaet” with 
seienee. It is where seientists test their ideas (do researeh), 
the essential purpose of which is to provide a basis from 
which predietions about seientifie phenomena ean be made. 
Likewise, it will be the site of your “intimate eontaet” with 
the subject of human anatomy and physiology as you are 
introduced to the methods and instmments used in biologieal 
researeh. 

For many students, human anatomy and physiology is 
taken as an introductory-level course; and their seientifie 
background exists, at best, as a dim memory. If this is your 
predieament, this prologue may be just what you need to 
fill in a few gaps and to get you started on the right traek 
before your actual laboratory experiences begin. So—let’s 
get to it! 

The Seientifie Method 

Seienee would quickly stagnate if new knowledge were 
not continually derived from and added to it. The approaeh 
eommonly used by seientists when they investigate various 
aspeets of their respeetive diseiplines is ealled the seientifie 
method. This method is not a single rigorous technique that 
must be followed in a loekstep manner. It is nothing more or 
less than a logieal, praetieal, and reliable way of approaeh- 
ing and solving problems of every kind—seientifie or other- 
wise—to gain knowledge. It includes five major steps. 

Step 1: Observation of Phenomena 

The emeial first step involves observation of some phenom- 
enon of interest. In other words, before a seientist ean inves- 
tigate anything, he or she must deeide on a problem or focus 
for the investigation. In most eollege laboratory experiments, 
the problem or focus has been deeided for you. However, to 
illustrate this important step, we will assume that you want 


to investigate the tme nature of apples, particularly green 
apples. In such a ease you would begin your studies by mak- 
ing a number of different observations eoneerning apples. 

Step 2: Statement of the Hypothesis 

Onee you have deeided on a focus of eoneern, the next step is 
to design a signifieant question to be answered. Such a ques- 
tion is usually posed in the form of a hypothesis, an unproven 
conclusion that attempts to explain some phenomenon. (At 
its emdest level, a hypothesis ean be eonsidered to be a 
“guess” or an intuitive hunch that tentatively explains some 
observation.) Generally, seientists do not restriet themselves 
to a single hypothesis; instead, they usually pose several and 
then test eaeh one systematieally. 

We will assume that, to aeeomplish step 1, you go to the 
supermarket and randomly seleet apples from several bins. 
When you later eat the apples, you find that the green apples 
are sour, but the red and yellow apples are sweet. From this 
observation, you might conclude (hypothesize) that “green 
apples are sour.” This statement would represent your current 
understanding of green apples. You might also reasonably 
prediet that if you were to buy more apples, any green ones 
you buy will be sour. Thus, you would have gone beyond your 
initial observation that “these” green apples are sour to the 
predietion that “all” green apples are sour. 

Any good hypothesis must meet several eriteria. First, 
it must be testable. This eharaeteristie is far more important 
than its being eorreet. The test data may or may not sup- 
port the hypothesis, or new information may require that the 
hypothesis be modified. Clearly the accuracy of a predietion 
in any seientifie study depends on the accuracy of the initial 
information on which it is based. 

In our example, no great harm will eome from an inae- 
curate predietion—that is, were we to find that some green 
apples are sweet. However, in some eases human life may 
depend on the accuracy of the predietion. For that and other 
reasons: (1) Repeated testing of seientifie ideas is important, 
particularly because seientists working on the same problem 
do not always agree in their conclusions. (2) Careful observa- 
tion is essential, even at the very outset of a study, because 
conclusions drawn from seientifie tests are only as accurate 
as the information on which they are based. 

A seeond eriterion is that, even though hypotheses are 
guesses of a sort, they must be based on measurable, deserib- 
ablefaets. No mystieism ean be theorized. We eannot conjure 
up, to support our hypothesis, forees that have not been shown 
to exist. For example, as seientists, we eannot say that the 
tooth fairy took Johnny’s tooth unless we ean prove that the 
tooth fairy exists! 

Third, a hypothesis must not be anthropomorphie. Human 
beings tend to anthropomorphize—that is, to relate all expe- 
rienees to human experience. Whereas we could state that 
bears instinetively proteet their young, it would be anthropo- 
morphie to say that bears love their young, because love is a 
human emotional response. Thus, the initial hypothesis must 
be stated without interpretation. 
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Step 3: Data Collection 

Onee the initial hypothesis has been stated, seientists plan 
experiments that will provide data (or evidenee) to support or 
disprove their hypotheses—that is, they test their hypotheses. 
Data are accumulated by making qualitative or quantitative 
observations of some sort. The observations are often aided 
by the use of various types of equipment such as eameras, 
mieroseopes, stimulators, or various eleetronie deviees that 
allow ehemieal and physiologieal measurements to be taken. 

Observations referred to as qualitative are those we ean 
make with our senses—that is, by using our vision, hearing, 
or sense of taste, smell, or touch. For some quick praetiee 
in qualitative observation, eompare and eontrast an orange 
and an apple. (Compare means to emphasize the similarities 
between two things, whereas eontrast means that the differ- 
enees are to be emphasized.) 

Whereas the differenees between an apple and an orange 
are obvious, this is not always the ease in biologieal observa- 
tions. Quite often a seientist tries to deteet very subtle differ- 
enees that eannot be determined by qualitative observations; 
data must be derived from measurements. Such observations 
based on preeise measurements of one type or another are 
quantitative observations. Examples of quantitative obser- 
vations include careful measurements of body or organ 
dimensions such as mass, size, and volume; measurement 
of volumes of oxygen consumed during metabolie studies; 
determination of the eoneentration of glucose in urine; 
and determination of the differenees in blood pressure and 
pulse under eonditions of rest and exercise. An apple and an 
orange could be eompared quantitatively by analyzing the 
relative amounts of sugar and water in a given volume of fmit 
flesh, the pigments and vitamins present in the apple skin and 
orange peel, and so on. 

A valuable part of data gathering is the use of experi- 
ments to support or disprove a hypothesis. An experiment is 
a procedure designed to deseribe the faetors in a given situ- 
ation that affeet one another (that is, to diseover cause and 
effeet) under eertain eonditions. 

Two general rules govern experimentation. The first of 
these rnles is that the experiment(s) should be conducted in 
such a manner that every variable (any faetor that might affeet 
the outcome of the experiment) is under the eontrol of the 
experimenter. The independent variables are manipulated 
by the experimenter. For example, if the goal is to determine 
the effeet of body temperature on breathing rate, the inde- 
pendent variable is body temperature. The effeet observed 
or value measured (in this ease breathing rate) is ealled the 
dependent or response variable. Its value “depends” on the 
value ehosen for the independent variable. The ideal way to 
perform such an experiment is to set up and run a series of 
tests that are all identieal, except for one speeifie faetor that 
is varied. 

One speeimen (or group of speeimens) is used as the 
eontrol against which all other experimental samples are 
eompared. The importanee of the eontrol sample eannot 
be overemphasized. The eontrol group provides the “nor- 
mal standard” against which all other samples are eompared 
relative to the dependent variable. Taking our example one 
step further, if we wanted to investigate the effeets of body 
temperature (the independent variable) on breathing rate (the 
dependent variable), we could eolleet data on the breath- 
ing rate of individuals with “normal” body temperature (the 


implieit eontrol group), and eompare these data to breathing- 
rate measurements obtained from groups of individuals with 
higher and lower body temperatures. 

The seeond rule governing experimentation is that valid 
results require that testing be done on large numbers of sub- 
jeets. It is essential to understand that it is nearly impossible 
to eontrol all possible variables in biologieal tests. Indeed, 
there is a bit of seientifie wisdom that mirrors this trath—that 
is, that laboratory animals, even in the most rigidly eontrolled 
and carefully designed experiments, “will do as they damn 
well please.” Thus, stating that the testing of a drag for its 
painkilling effeets was successful after having tested it on 
only one postoperative patient would be seientifie suicide. 
Large numbers of patients would have to reeeive the drag and 
be monitored for a deerease in postoperative pain before such 
a statement could have any seientifie validity. Then, other 
researehers would have to be able to uphold those conclusions 
by ranning similar experiments. Repeatability is an important 
part of the seientifie method and is the primary basis for sup- 
port or rejeetion of many hypotheses. 

During experimentation and observation, data must be 
carefully reeorded. Usually, such initial, or raw, data are 
reeorded in table form. The table should be labeled to show 
the variables investigated and the results for eaeh sample. 
At this point, accurate reeording of observations is the pri- 
mary eoneern. Later, these raw data will be reorganized and 
manipulated to show more explicitly the outcome of the 
experimentation. 

Some of the observations that you will be asked to make 
in the anatomy and physiology laboratory will require that 
a drawing be made. Don’t panie! The purpose of making 
drawings (in addition to providing a reeord) is to foree you to 
observe things very elosely. You need not be an artist (most 
biologieal drawings are simple outline drawings), but you do 
need to be neat and as accurate as possible. It is advisable 
to use a 4H peneil to do your drawings because it is easily 
erased and doesn’t smudge. Before beginning to draw, you 
should examine your speeimen elosely, studying it as though 
you were going to have to draw it from memory. For example, 
when looking at eells you should ask yourself questions 
such as u What is their shape—the relationship of length and 
width? How are they joined together?” Then deeide preeisely 
what you are going to show and how large the drawing must 
be to show the neeessary detail. After making the drawing, 
add labels in the margins and eonneet them by straight lines 
(leader lines) to the structures being named. 

Step 4: Manipulation and Analysis 
of Data 

The form of the final data varies, depending on the nature of 
the data eolleeted. Usually, the final data represent informa- 
tion eonverted from the original measured values (raw data) 
to some other form. This may mean that averaging or some 
other statistieal treatment must be applied, or it may require 
eonversions from one kind of units to another. In other eases, 
graphs may be needed to display the data. 

Elementary Treatment of Data 

Only very elementary statistieal treatment of data is required 
in this manual. For example, you will be expected to under- 
stand and/or compute an average (mean), pereentages, and a 
range. 
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Two of these statisties, the mean and the range, are use- 
ful in deseribing the typieal ease among a large number of 
samples evaluated. Let us use a simple example. We will 
assume that the following heart rates (in beats/min) were 
reeorded during an experiment: 64, 70, 82, 94, 85, 75, 72, 
78. If you put these numbers in numerical order, the range is 
easily computed, because the range is the differenee between 
the highest and lowest numbers obtained (highest number 
minus lowest number). The mean is obtained by summing the 
items and dividing the sum by the number of items. What is 
the range and the mean for the set of numbers just provided? 

1. _ 


The word pereent eomes from the Latin meaning “for 
100”; thus pereent , indieated by the pereent sign, %, means 
parts per 100 parts. Thus, if we say that 45% of Amerieans 
have type O blood, what we are really saying is that among 
eaeh group of 100 Amerieans, 45 (45/100) ean be expected to 
have type O blood. Any ratio ean be eonverted to a pereent by 
multiplying by 100 and adding the pereent sign. 

.25 X 100 = 25% 5 X 100 = 500% 

It is very easy to eonvert any number (including deei- 
mals) to a pereent. The rule is to move the deeimal point two 
plaees to the right and add the pereent sign. If no deeimal 
point appears, it is assumed to be at the end of the number; 
and zeros are added to fill any empty spaees. Two examples 
follow: 


0.25 = 0.2£j 25% 

5 = 5 = 500% 

ehange the following to pereents: 


2. 

38 - 

4. 1.6 

3. 

.75 - 



Note that although you are being asked here to eonvert num- 
bers to pereents, pereents by themselves are meaningless. We 
always speak in terms of a pereentage o/something. 

To ehange a pereent to deeimal form, remove the pereent 
sign, and divide by 100. Change the following pereents to 
whole numbers or deeimals: 

5. 800% =_ 6. 0.05% =_ 

Making and Reading Line Graphs 

For some laboratory experiments you will be required to show 
your data (or part of them) graphieally. Simple line graphs 
allow relationships within the data to be shown interestingly 
and allow trends (or patterns) in the data to be demonstrated. 
An advantage of properly drawn graphs is that they save the 
reader’s time because the essential meaning of a large amount 
of statistieal data ean be seen at a glanee. 

To aid in making accurate graphs, graph paper (or a 
printed grid in the manual) is used. Line graphs have both 
horizontal (X) and vertieal (Y) axes with seales. Eaeh seale 


Answers are given at the end of this seetion (page xx). 


should have uniform intervals—that is, eaeh unit measured 
on the seale should require the same distanee along the seale 
as any other. Variations from this rule may be misleading and 
result in false interpretations of the data. By eonvention, the 
eondition that is manipulated (the independent variable) in 
the experimental series is plotted on the X-axis (the horizon- 
tal axis); and the value that we then measure (the dependent 
variable) is plotted on the Y-axis (the vertieal axis). To plot 
the data, a dot or a small x is plaeed at the preeise point where 
the two variables (measured for eaeh sample) meet; and then 
a line (this is ealled the curve) is drawn to eonneet the plotted 
points. 

Sometimes, you will see the curve on a line graph 
extended beyond the last plotted point. This is (supposedly) 
done to prediet “what eomes next.” When you see this done, 
be skeptieal. The information provided by such a technique 
is only slightly more accurate than that provided by a erystal 
ball! When eonstmeting a graph, be sure to label the X-axis 
and Y-axis and give the graph a legend (Figure G.1). 

To read a line graph, piek any point on the line, and 
mateh it with the information direetly below on the X-axis 
and with that direetly to the left of it on the Y-axis. The 
figure below (Figure G.l) is a graph that illustrates the rela- 
tionship between breaths per minute (respiratory rate) and 
body temperature. Answer the following questions about 
this graph: 

7. What was the respiratory rate at a body temperature of 

96°F?_ 

8. Between which two body temperature readings was the 

inerease in breaths per minute greatest?_ 
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Figure G.1 Example of graphieally presented data. 
Respiratory rate as a fiinetion of body temperature. 
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Step 5: Reporting Conclusions 
of the Study 

Drawings, tables, and graphs alone do not suffice as the final 
presentation of seientifie results. The final step requires that 
you provide a straightforward deseription of the conclusions 
drawn from your results. If possible, your findings should be 
eompared to those of other investigators working on the same 


problem. For laboratory investigations conducted by stu- 
dents, these eomparative figures are provided by elassmates. 

It is important to realize that seientifie investigations 
do not ahvays yield the antieipated results. If there are 
diserepaneies between your results and those of others, 
or what you expected to find based on your elass notes or 
textbook readings, this is the plaee to try to explain those 
diserepaneies. 


Lab Report 

Cover Page 

• Title of Experiment 

• Author’s Name 

• Course 

• instmetor 

• Date 

Introduction 

• Provide background information. 

• Deseribe any relevant observations. 

• State hypotheses elearly. 

Materials and Methods 

• List equipment or supplies needed. 

• Provide step-by-step direetions for conducting the experiment. 

Results 

• Present data using a drawing (figure), table, or graph. 

• Analyze data. 

• Summarize findings briefly. 

Discussion and Conclusions 

• Conclude whether data gathered support or do not support hypotheses. 

• Include relevant information from other sources. 

• Explain any uncontrolled variables or unexpected difficulties. 

• Make suggestions for further experimentation. 

Referenee List 

• Cite the source of any material used to support this report. 
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Results are often only as good as the observation teeh- 
niques used. Depending on the type of experiment conducted, 
you may need to answer several questions. Did you weigh 
the speeimen carefully enough? Did you balanee the seale 
first? Was the subject’s blood pressure actually as high as 
you reeorded it, or did you reeord it inaccurately? If you 
did reeord it accurately, is it possible that the subject was 
emotionally upset about something, which might have given 
falsely high data for the variable being investigated? Attempt- 
ing to explain an unexpected result will often teaeh you more 
than you would have learned from antieipated results. 

When the experiment produces results that are eonsistent 
with the hypothesis, then the hypothesis ean be said to have 
reaehed a higher level of eertainty. The probability that the 
hypothesis is eorreet is greater. 

A hypothesis that has been validated by many different 
investigators is ealled a theory. Theories are useful in two 
important ways. First, they link sets of data; and seeond, 
they make predietions that may lead to additional avenues 
of investigation. (OK, we know this with a high degree of 
eertainty; what’s next?) 

When a theory has been repeatedly verified and appears 
to have wide applieability in biology, it may assume the sta- 
tus of a biologieal prineiple. A prineiple is a statement that 
applies with a high degree of probability to a range of events. 
For example, “Living matter is made of eells or eell products” 
is a prineiple stated in many biology texts. It is a sound and 
useful prineiple, and will continue to be used as such—unless 
new findings prove it wrong. 

We have been through quite a bit of background eoneern- 
ing the seientifie method and what its use entails. Because it 
is important that you remember the phases of the seientifie 
method, they are summarized here: 

1. Observation of some phenomenon 

2. Statement of a hypothesis (based on the observations) 

3. Collection of data (testing the hypothesis with eontrolled 
experiments) 

4. Manipulation and analysis of the data 

5. Reporting of the conclusions of the study (routinely done 

by preparing a lab report—see page xvii) 


Writing a Lab Report Based 
on The Seientifie Method 

A laboratory report is not the same as a seientifie paper, 
but it has some of the same elements and is a formal way 
to report the results of a seientifie experiment. The report 
should have a eover page that includes the title of the 
experiment, the author’s name, the name of the course, the 
instmetor, and the date. The report should include five sepa- 
rate, elearly marked seetions: Introduction, Materials and 
Methods, Results, Discussion and Conclusions, and Refer- 
enees. Use the previous template to guide you through writ- 
ing a lab report. 

Metries 

No matter how highly developed our ability to observe, 
observations have seientifie value only if we ean commu- 
nieate them to others. Without measurement, we would be 
limited to qualitative deseription. For preeise and repeatable 
communication of information, the agreed-upon system of 
measurement used by seientists is the metrie system. 

A major advantage of the metrie system is that it is based 
on units of 10. This allows rapid eonversion to workable num- 
bers so that neither very large nor very small figures need be 
used in calculations. Fraetions or multiples of the standard 
units of length, volume, mass, time, and temperature have 
been assigned speeifie names. The metrie system Table G.1) 
shows the eommonly used units of the metrie system, along 
with the prefixes used to designate fraetions and multiples 
thereof. 

To ehange from smaller units to larger units, you must 
divide by the appropriate faetor of 10 (because there are fewer 
of the larger units). For example, a milliunit (milli = one- 
thousandth), such as a millimeter, is one step smaller than a 
centiunit (eenti = one-hundredth), such as a eentimeter. Thus 
to ehange milliunits to centiunits, you must divide by 10. On 
the other hand, when eonverting from larger units to smaller 
ones, you must multiply by the appropriate faetor of 10. A 
partial seheme for eonversions between the metrie units is 
shown on the next page. 


Table G.1 

Metrie System 





A. eommonly used units 

B. Fraetions and their multiples 


Measurement Llnit 

Fraetion or multiple 

Prefix 

Symbol 

Length 

Meter (m) 

10 1 2 3 4 5 6 one million 

mega 

M 

Volume 

Liter (L; 1 with prefix) 

10 3 one thousand 

kilo 

k 

Mass 

Gram (g) 

10 _1 one-tenth 

deei 

d 

Time* 

Seeond (s) 

10 -2 one-hundredth 

eenti 

e 

Temperature 

Degree Celsius (°C) 

10 -3 one-thousandth 

milli 

m 



10 -6 one-millionth 

miero 




10“ 9 one-billionth 

nano 

n 


* The aeeepted standard for time is the seeond; and thus hours and minutes are used in seientifie, as well as everyday, measurement of time. The only 
prefixes generally used are those indieatin gfraetional portions of seeonds—for example, milliseeond and mieroseeond. 
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XIX 


-1000 -10 -100 

microunit — milliunit centiunit unit 

X1000 X10 X100 

smallest " largest 


-1000 

— kilounit 

X1000 


The objeetives of the seetions that follow are to provide 
a brief overview of the most-used measurements in seienee or 
health professions and to help you gain some measure of eon- 
fidenee in dealing with them. A listing of the most frequently 
used eonversion faetors, for eonversions between British and 
metrie system units, is provided in the appendix. 

Length Measurements 

The metrie unit of length is the meter (m). Smaller objeets 
are measured in eentimeters or millimeters. Subcellular struc- 
tures are measured in mierometers. 

To help you picture these units of length, some equiva- 
lents follow: 

One meter (m) is slightly longer than one yard (1 m = 
39.37 in.). 

One eentimeter (em) is approximately the width of a pieee of 
ehalk. (Note: There are 2.54 em in 1 in.) 

One millimeter (mm) is approximately the thiekness of the 
wire of a paper elip or of a mark made by a No. 2 peneil lead. 

One mierometer (pm) is extremely tiny and ean be measured 
only mieroseopieally. 

Make the following eonversions between metrie units of 
length: 

9. 12 em =_mm 

10 . 2000 pm =_mm 

Now, eirele the answer that would make the most sense 
in eaeh of the following statements: 

11. A mateh (in a matehbook) is (0.3, 3, 30) em long. 

12. A standard-size Ameriean ear is about 4 (mm, em, m, 
km) long. 

Volume Measurements 

The metrie unit of volume is the liter. A liter (1, or sometimes 
L, espeeially without a prefix) is slightly more than a quart 
(1 L = 1.057 quarts). Liquid volumes measured out for lab 
experiments are usually measured in milliliters (ml). (The 
terms ml and ee, cubic eentimeter, are used interehangeably 
in laboratory and medieal settings.) 

To help you visualize metrie volumes, the equivalents of 
some eommon substances follow: 

A 12-oz ean of soda is a little less than 360 ml. 

A fluid ounce is about 30 (it’s 29.57) ml (ee). 

A teaspoon of vanilla is about 5 ml (ee). 


Compute the following: 

13. How many 5-ml injeetions ean be prepared from 1 liter 

of a medieine?_ 

14. A 450-ml voliime of aleohol is_L. 

Mass Measurements 

Although many people use the terms mass and weight inter- 
ehangeably, this usage is inaccurate. Mass is the amount of 
matter in an objeet; and an objeet has a eonstant mass, regard- 
less of where it is—that is, on earth, or in outer spaee. How- 
ever, weight varies with gravitational pull; the greater the 
gravitational pull, the greater the weight. Thus, our astronauts 
are said to be weightless when in outer spaee, but they still 
have the same mass as they do on earth. (Astronauts are not 
really weightless. It is just that they and their surroundings 
are being pulled toward the earth at the same speed; and so, in 
referenee to their environment, they appear to float.) 

The metrie unit of mass is the gram (g). Medieal dos- 
ages are usually preseribed in milligrams (mg) or mierograms 
(pg); and in the elinieal ageney, body weight (particularly of 
infants) is typieally speeified in kilograms (kg; 1 kg = 2.2 lb). 

The following examples are provided to help you beeome 
familiar with the masses of some eommon objeets: 

Two aspirin tablets have a mass of approximately 1 g. 

A niekel has a mass of 5 g. 

The mass of an average woman (132 lb) is 60 kg. 

Make the following eonversions: 

15. 300 g =-mg =-|ig 

16. 4000 pg =_mg =_g 

17. A nurse must administer to her patient, Mrs. Smith, 5 mg of a 
dmg per kg of body mass. Mrs. Smith weighs 140 lb. How many 
grams of the dmg should the nurse administer to her patient? 

-g 

Temperature Measurements 

In the laboratory and in the elinieal ageney, temperature is 
measured both in metrie units (degrees Celsius, °C) and in 
British units (degrees Fahrenheit, °F). Thus it helps to be 
familiar with both temperature seales. 

The temperatures of boiling and freezing water ean be 
used to eompare the two seales: 

The freezing point of water is 0°C and 32°F. 

The boiling point of water is 100°C and 212°F. 
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As you ean see, the range from the freezing point to the 
boiling point of water on the Celsius seale is 100 degrees, 
whereas the eomparable range on the Fahrenheit seale is 
180 degrees. Henee, one degree on the Celsius seale repre- 
sents a greater ehange in temperature. Normal body tempera- 
ture is approximately 98.6°F or 37°C. 

To eonvert from the Celsius seale to the Fahrenheit seale, 
the following equation is used: 

5(°F - 32) 

9 


To eonvert from the Fahrenheit seale to the Celsius seale, the 
following equation is used: 

°F = (9/5 °C) + 32 

Perform the following temperature eonversions: 

18. Convert 38°C to °F:_ 

19. Convert 158°F to °C: 


Answers 


1. range of 94-64 or 30 beats/min; 
mean 77.5 

2. 3800% 

3. 75% 

4. 160% 

5. 8 

6. 0.0005 

7. 10 breaths/min 


8. interval between 100-102° (went 
from 22 to 36 breaths/min) 

9. 12 em = 120 mm 

10. 2000 pm = 2 mm 

11. 3 em long 

12. 4 m long 

13. 200 


14. 0.45 L 

15. 300 g = 3 x 10 5 mg= 3 x 10 8 pg 

16. 4000 pg = 4 mg = 4 x 10 ~ 3 g 
(0.004 g) 

17. 0.32 g 

18. 100.4°F 

19. 70°C 














ATERIALS 


OBJEGYIVES 


□ Human torso model (disseetible) 

□ Human skeleton 

□ Demonstration: seetioned and labeled 
kidneys [three separate kidneys uncut 
or cut so that (a) entire, (b) transverse 
seetional, and (e) longitudinal seetional 
vievvs are visible] 

□ Gelatin-spaghetti molds 

□ Sealpel 


1. Deseribe the anatomieal position, and explain its importanee. 

2. Use proper anatomieal terminology to deseribe body regions, 
orientation and direetion, and body planes. 

3. Name the body eavities and indieate the important organs in eaeh. 

4. Name and deseribe the serous membranes of the ventral body 
eavities. 

5. Identify the abdominopelvie quadrants and regions on a torso model 
or image. 




PRE-LAB Q U I Z 

1. Circle True or False. In anatomieal position, the body is lying dovvn. 

2. Circle the eorreet underlined term. With regard to surface anatomy, 
abdominal / axial refers to the structures along the eenter line of the body. 

3. The term superficial refers to a structure that is: 

a. attaehed near the trunk of the body 

b. tovvard or at the body surface 
e. tovvard the head 

d. tovvard the midline 

4. The_plane runs longitudinally and divides the body into right and 

left sides. 

a. frontal e. transverse 

b. sagittal d. ventral 

5. Circle the eorreet underlined terms. The dorsal body eavity ean be divided 
into the eranial / thoraeie eavity, vvhieh eontains the brain, and the 

sural / vertebral eavity, vvhieh eontains the spinal eord. 





MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you vvill find: 

• Praetiee Anatomy Lab PAL 


PhysioEx 


PEx 


A&PFIix A&PFIix 


V 


Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



ost of us are naturally curious about our bodies. This faet is demon- 
strated by infants, who are faseinated with their own waving hands or 
their mother’s nose. LJnlike the infant, however, the student of anatomy 
must learn to observe and identify the disseetible body structures formally. 

A student new to any seienee is often overwhelmed at first by jargon used in 
that subject. The study of anatomy is no exception. But without this speeialized 
terminology, confusion is inevitable. For example, what do over, on top of, su- 
perfieial to, above, and behind mean in referenee to the human body? Anatomists 
have an aeeepted set of referenee terms that are universally understood. These 
allow body structures to be loeated and identified preeisely with a minimum of 
words. 

This exercise presents some of the most important anatomieal terminology 
used to deseribe the body and introduces you to basie eoneepts of gross anatomy, 
the study of body structures visible to the naked eye. 
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Exercise 1 


Anatomieal Position 


When anatomists or doetors refer to speeifie areas of the 
human body, the picture they keep in mind is a universally 
aeeepted standard position ealled the anatomieal position. 
It is essential to understand this position because much of 
the body terminology used in this book refers to this body 
positioning, regardless of the position the body happens to 
be in. In the anatomieal position the human body is ereet, 
with the feet only slightly apart, head and toes pointed 
forward, and arms hanging at the sides with palms faeing 
forward (Figure l.la). 


□ Assume the anatomieal position, and notiee that it is 
not particularly eomfortable. The hands are held unnatu- 
rally forward rather than hanging with palms toward the 
thighs. 


Check the box when you have eompleted this task. 


Mental: Chin 
Nasal: Nose 
Oral: Mouth 

Orbital: Bony eye soeket (orbit) 

Palmar: Palm of the hand 

Patellar: Anterior knee (kneeeap) region 

Pedal: Foot 

Pelvie: Pelvis region 

Pollex: Thumb 

Pubic: Genital region 

Sternal: Region of the breastbone 

Tarsal: Ankle 

Thoraeie: Chest 

Umbilical: Navel 


Surface Anatomy 

Body surfaces provide a wealth of visible landmarks for 
study. There are two major divisions of the body: 

Axial: Relating to head, neek, and trnnk, the axis of the body 

Appendicular: Relating to limbs and their attaehments to 
the axis 

Anterior Body Landmarks 

Note the following regions (Figure l.la): 

Abdominal: Anterior body trnnk region inferior to the ribs 

Aeromial: Point of the shoulder 

Antebraehial: Forearm 

Antecubital: Anterior surface of the elbow 

Axillary: Armpit 

Braehial: Arm 

Buccal: Cheek 

Carpal: Wrist 

Cephalic: Head 

Cervical: Neek region 

Coxal: Hip 

Crural: Leg 

Digital: Fingers or toes 

Femoral: Thigh 

Fibular (peroneal): Side of the leg 
Frontal: Forehead 
Hallux: Great toe 
Inguinal: Groin area 
Mammary: Breast region 
Manus: Hand 


Posterior Body Landmarks 

Note the following body surface regions (Figure l.lb): 

Aeromial: Point of the shoulder 

Braehial: Arm 

Calcaneal: Heel of the foot 

Cephalic: Head 

Dorsum: Baek 

Femoral: Thigh 

Gluteal: Buttocks or rump 

Lumbar: Area of the baek between the ribs and hips; the loin 
Manus: Hand 

Oeeipital: Posterior aspeet of the head or base of the skull 
Oleeranal: Posterior aspeet of the elbow 

Otie: Ear 
Pedal: Foot 

Perineal: Region between the anus and external genitalia 
Plantar: Sole of the foot 
Popliteal: Baek of the knee 

Saeral: Region between the hips (overlying the saemrn) 
Scapular: Scapula or shoulder blade area 
Sural: Calf or posterior surface of the leg 
Vertebral: Area of the spinal column 


A C T I V I T Y 1 


Loeating Body Regions 

Loeate the anterior and posterior body landmarks on your- 
self, your lab partner, and a human torso model before 
continuing. H 
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Cephalic 

Frontal 
Orbital 
Nasal 
Buccal 
Oral 
Mental 

Cervical 

Thoraeie 

Sternal 
Axillary 
Mammary 

Abdominal 

Llmbilieal 


Pelvie 


lnguinal 


Pubic 



| | Abdomen 



Thorax 


Baek (Dorsum) 


Llpper limb 

Aeromial 
Braehial 
Antecubital 
Oleeranal 
Antebraehial 
Oarpal 


Manus (hand) 

Pollex 
Palmar 


Digital 


Pedal (foot) 

Tarsal 
Oaleaneal 
Digital 
Plantar 
Hallux 



Lower limb 


Coxal 

Femoral 

Patellar 

Popliteal 

Crural 


Sural 


Fibular or peroneal 


Cephalic 

Otie 

Oeeipital 


Cervical 


Dorsum 


Scapular 


Vertebral 


Lumbar 


Saeral 


Gluteal 


Perineal 


(a) Anterior/Ventral 


(b) Posterior/Dorsal 


Figure 1.1 Surface anatomy. (a) Anatomieal position. (b) Heels are raised to 
illiistrate the plantar surface of the foot. 


Body Orientation 
and Direetion 

Study the terms below (see Figure 1.2 for a visual aid). 
Notiee that eertain terms have a different meaning for a 
four-legged animal (quadruped) than they do for a human 
(biped). 

Superior/inferior (above/below): These terms refer to plaee- 
ment of a structure along the long axis of the body. Superior 
structures always appear above other structures, and inferior 
structures are always below other structures. For example, the 
nose is superior to the mouth, and the abdomen is inferior to 
the ehest. 

Anterior/posterior (front/baek): In humans the most an- 
terior structures are those that are most forward—the faee, 
ehest, and abdomen. Posterior structures are those toward the 


baekside of the body. For instanee, the spine is posterior to 
the heart. 

Medial/lateral (toward the midline/away from the midline 
or median plane): The sternum (breastbone) is medial to the 
ribs; the ear is lateral to the nose. 

The terms of position just deseribed assume the per- 
son is in the anatomieal position. The next four term pairs 
are more absolute. They apply in any body position, and 
they eonsistently have the same meaning in all vertebrate 
animals. 

Cephalad (cranial)/caudal (toward the head/toward the 
tail): In humans these terms are used interehangeably with 
superior and inferior, but in four-legged animals they are 
synonymous with anterior and posterior, respeetively. 

Dorsal/ventral (baekside/belly side): These terms are used 
ehiefly in discussing the eomparative anatomy of animals, 
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Exercise 1 


assuming the animal is standing. Dorsum is a Latin word 
meaning u back.” Thus, dorsal refers to the animal’s baek or 
the baekside of any other structures; for example, the poste- 
rior surface of the human leg is its dorsal surface. The term 
ventral derives from the Latin term venter, meaning “belly,” 
and always refers to the belly side of animals. In humans the 
terms ventral and dorsal are used interehangeably with the 
terms anterior and posterior, but in four-legged animals ven- 
tral and dorsal are synonymous with inferior and superior, 
respeetively. 

Proximal/distal (nearer the trunk or attaehed end/farther 
from the trunk or point of attaehment): These terms are used 
primarily to loeate various areas of the body limbs. For ex- 
ample, the fingers are distal to the elbow; the knee is proximal 
to the toes. However, these terms may also be used to indieate 
regions (eloser to or farther from the head) of internal tubular 
organs. 

Superfícial (external)/deep (internal) (toward or at the 
body surface/away from the body surface): These terms 
loeate body organs aeeording to their relative eloseness to the 
body surface. For example, the skin is superficial to the skel- 
etal muscles, and the lungs are deep to the rib eage. 


Superior (eephalad) 


Posterior 

(dorsal) 



Proximal 




/ 


/ 


/ 


/ 


/ 


/ 


/ 


/ 


/ 


/ 


/ 


/ 


Distal- 



/ 


Anterior 

(ventral) 


A C T I V I T Y 2 



Praetieing Using Correct 
Anatomieal Terminology 

Before continuing, use a human torso model, a human skel- 
eton, or your own body to speeify the relationship between 
the following structures when the body is in the anatomieal 


position. 

1. The wrist is 


to the hand. 


2. The traehea (windpipe) is 

3. The brain is 


to the spine 


4. The kidneys are 

5. Thenoseis 


to the spinal eord 
to the liver. 


6. The thumb is 

7. The thorax is 

8. The skin is 


to the eheekbones 


to the ring finger, 


to the abdomen. 


to the skeleton. 


Body Planes and Seetions 

The body is three-dimensional, and in order to observe its 
internal structures, it is often helpful and neeessary to make 
use of a seetion, or cut. When the seetion is made through the 
body wall or through an organ, it is made along an imaginary 
surface or line ealled a plane. Anatomists eommonly refer to 
three planes (Figure 1.3), or seetions, that lie at right angles 
to one another. 

Sagittal plane: A sagittal plane mns longitudinally and di- 
vides the body into right and left parts. If it divides the body 
into equal parts, right down the midline of the body, it is 
ealled a median, or midsagittal, plane. 

Frontal plane: Sometimes ealled a eoronal plane, the fron- 
tal plane is a longitudinal plane that divides the body (or an 
organ) into anterior and posterior parts. 


Superior (dorsal) 


(a) 


Y 

Inferior (caudal) 



Anterior 

(eephalad) 


(b) 


Inferior (ventral) 


Figure 1.2 Anatomieal terminology deseribing body orientation and direetion. 
(a) With referenee to a hiinnan. (b) With referenee to a four-legged animal. 
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Frontal plane 



Median (midsagittal) plane 


Transverse plane 


(a) Frontal seetion (through torso) 



Left and Liver Heart 

right lungs I 

Stomaeh Arm 


(b)Transverse seetion (through torso, 
inferior view) 



Liver 


Spinal eord Aorta 


Panereas Spleen 


Subcutaneous fat layer 


Body wall 


(e) Median (midsagittal) seetion 



Rectum Vertebral Intestines 

column 


Figure 1.3 Planes of the body with eorresponding magnetie resonanee imaging 
(MRI) seans. 
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Exercise 1 



(c) Frontal seetions 



(a) Cross seetion 



(b) Midsagittal 
seetion 


Figure 1.4 Objeets ean look odd when viewed in 
seetion. This banana has been seetioned in three different 
planes (a-c) 7 and only in one of these planes (b) is it 
easily reeognized as a banana. If one eannot reeognize 
a seetioned organ, it is possible to reconstruct its shape 
from a series of successive cuts, as from the three serial 
seetions in (e). 


Transverse plane: A transverse plane mns horizontally, di- 
viding the body into superior and inferior parts. When organs 
are seetioned along the transverse plane, the seetions are eom- 
monly ealled eross seetions. 

On mieroseope slides, the abbreviation for a longitudinal 
seetion (sagittal or frontal) is l.s. Cross seetions are abbrevi- 
ated x.s. or e.s. 

A sagittal or frontal plane seetion of any nonspherieal 
objeet, be it a banana or a body organ, provides quite a differ- 
ent view than a transverse seetion (Figure 1.4). 


AOTIVITY 3 



Observing Seetioned Speeimens 

1. Go to the demonstration area and observe the transversely 
and longitudinally cut organ speeimens (kidneys). Pay elose 
attention to the different structural details in the samples 


because you will need to draw these views in the Review 
Sheet at the end of this exercise. 

2. After eompleting instmetion 1, obtain a gelatin-spaghetti 
mold and a sealpel and bring them to your laboratory beneh. 
(Essentially, this is just eooked spaghetti added to warm gela- 
tin, which is then allowed to gel.) 

3. Cut through the gelatin-spaghetti mold along any plane, 
and examine the cut surfaces. You should see spaghetti strands 
that have been cut transversely (x.s.), some cut longitudinally, 
and some cut obliquely. 

4. Draw the appearanee of eaeh of these spaghetti seetions 
below, and verify the accuracy of your seetion identifieations 
with your instmetor. 


Transverse cut Longitudinal cut Oblique cut 

Body Cavities 

The axial portion of the body has two large eavities that pro- 
vide different degrees of proteetion to the organs within them 

(Figure 1.5). 

Dorsal Body Cavity 

The dorsal body eavity ean be subdivided into the eranial 
eavity, which eontains the brain within the rigid skull, and the 
vertebral (or spinal) eavity, within which the delieate spinal 
eord is proteeted by the bony vertebral column. Because the 
spinal eord is a continuation of the brain, these eavities are 
continuous with eaeh other. 

Ventral Body Cavity 

Like the dorsal eavity, the ventral body eavity is subdi- 
vided. The superior thoraeie eavity is separated from the 
rest of the ventral eavity by the dome-shaped diaphragm. 
The heart and lungs, loeated in the thoraeie eavity, are 
proteeted by the bony rib eage. The eavity inferior to the 
diaphragm is often referred to as the abdominopelvie eav- 
ity. Although there is no further physieal separation of the 
ventral eavity, some deseribe the abdominopelvie eavity 
as two areas: a superior abdominal eavity, the area that 
houses the stomaeh, intestines, liver, and other organs, 
and an inferior pelvie eavity, the region that is partially 
enelosed by the bony pelvis and eontains the reproductive 
organs, bladder, and rectum. Notiee in the lateral view 
(Ligure 1.5a) that the abdominal and pelvie eavities are not 
continuous with eaeh other in a straight plane but that the 
pelvie eavity is tipped forward. 

Serous Membranes of the Ventral Body Cavity 

The walls of the ventral body eavity and the outer surfaces of 
the organs it eontains are eovered with an exceedingly thin, 
double-layered membrane ealled the serosa, or serous mem- 
brane. The part of the membrane lining the eavity walls is 
referred to as the parietal serosa, and it is continuous with a 
similar membrane, the viseeral serosa, eovering the external 
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Dorsal - 
body 
eavity 


Cranial eavity 

(eontains brain) 


Vertebral eavity 

(eontains spinal 
eord) 



Dorsal body eavity 
Ventral body eavity 



Oranial 

eavity 


Vertebral 

eavity 


Thoraeie 

eavity 

(eontains 
heart and 


Superior 
mediastinum 

Pleural 
eavity 

Perieardial 
eavity within 
the mediastinum 


Diaphragm 


Abdominal eavity 

(eontains digestive 
viseera) 


Pelvie eavity 

(eontains urinary 
bladder, reproductive 
organs, and rectum) 



Abdomino- 

pelvie 

eavity 


Ventral body 
eavity 

(thoraeie and 

abdominopelvie 

eavities) 


(a) Lateral view 


(b) Anterior view 


Figure 1.5 Dorsal and ventral body eavities and their subdivisions. 


surface of the organs within the eavity. These membranes 
produce a thin lubricating fluid that allows the viseeral organs 
to slide over one another or to rub against the body wall with 
minimal frietion. Serous membranes also eompartmentalize 



Parietal 

peritoneum 


Viseeral 

peritoneum 


the various organs so that infeetion of one organ is prevented 
from spreading to others. 

The speeifie names of the serous membranes depend on 
the structures they surround. The serosa lining the abdominal 
eavity and eovering its organs is the peritoneiim, that enelos- 
ing the lungs is the pleura, and that around the heart is the 

perieardmm (Figure 1.6). 



Parietal Viseeral 

pericardium pericardium 


Parietal 

pleura 

Viseeral 

pleura 


Figure 1.6 Serous membranes of the ventral body eavities. 
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Exercise 1 


Abdominopelvie Quadrants and Regions 

Because the abdominopelvie eavity is quite large and eon- 
tains many organs, it is helpful to divide it up into smaller 
areas for discussion or study. 

A seheme used by most physieians and nurses divides 
the abdominal surface and the abdominopelvie eavity into 
four approximately equal regions ealled quadrants. These 
quadrants are named aeeording to their relative position—that 
is, right upper quadrant, right lower quadrant, left upper 
quadrant, and left lower quadrant (Figure 1.7). Note that the 
terms left and right refer to the left and right side of the body 
in the figure, not the left and right side of the art on the page. 
The left and right of the figure are referred to as anatomieal 
left and right. 


A C T I V I T V 4 



Identifying Organs 

in the Abdominopelvie Cavity 

Examine the human torso model to respond to the following 
questions. 

Name two organs found in the left upper quadrant. 


jr’ 


C 




Right upper 

quadrant 

(RUQ) 


Right lower 

quadrant 

(RLQ) 



Left upper 

quadrant 

(LUQ) 


Left lower 

quadrant 

(LLQ) 


Figure 1.7 Abdominopelvie quadrants. Superfieial 
organs all shown in eaeh quadrant. 


_and_ 

Name two organs found in the right lower quadrant. 

_and_ 

What organ (Figure 1.7) is divided into identieal halves by 

the median plane?_ B 

A different seheme eommonly used by anatomists 
divides the abdominal surface and abdominopelvie eav- 
ity into nine separate regions by four planes (Figure 1.8). 
Although the names of these nine regions are unfamiliar to 
you now, with a little patienee and study they will beeome 
easier to remember. As you read through the deseriptions 
of these nine regions, loeate them (Figure 1.8), and note the 
organs eontained in eaeh region. 

Umbilical region: The eentermost region, which includes the 
umbilicus (navel) 

Epigastrie region: Immediately superior to the umbilical 
region; overlies most of the stomaeh 

Hypogastrie (pubic) region: Immediately inferior to the 
umbilical region; eneompasses the pubic area 

Iliae, or ingninal, regions: Fateral to the hypogastrie region 
and overlying the superior parts of the hip bones 

Lumbar regions: Between the ribs and the flaring portions 
of the hip bones; lateral to the umbilical region 

Hypoehondriae regions: Flanking the epigastrie region lat- 
erally and overlying the lower ribs 
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Loeating Abdominal Surface Regions 

Foeate the regions of the abdominal surface on a human torso 
model and on yourself before continuing. H 

Other Body Cavities 

Besides the large, elosed body eavities, there are several types 
of smaller body eavities (Figure 1.9). Many of these are in 
the head, and most open to the body exterior. 

Oral eavity: The oral eavity, eommonly ealled the mouth, 
eontains the tongue and teeth. It is continuous with the 
rest of the digestive tube, which opens to the exterior at 
the anus. 

Nasal eavity: Foeated within and posterior to the nose, 
the nasal eavity is part of the passages of the respiratory 
system. 

Orbital eavities: The orbital eavities (orbits) in the skull 
house the eyes and present them in an anterior position. 

Middle ear eavities: Eaeh middle ear eavity lies just medial 
to an eardram and is earved into the bony skull. These eavi- 
ties eontain tiny bones that transmit sound vibrations to the 
hearing reeeptors in the inner ears. 

Synovial eavities: Synovial eavities are joint eavities—they 
are enelosed within fibrous capsules that surround the freely 
movable joints of the body, such as those between the verte- 
brae and the knee and hip joints. Fike the serous membranes 
of the ventral body eavity, membranes lining the synovial 
eavities seerete a lubricating fluid that reduces frietion as the 
enelosed structures move aeross one another. 
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Right 

hypoehondriae 

region 

Epigastrie 

region 

Left 

hypoehondriae 

reg on 1 

Right 

liimbar 

region 

Llmbilieal 

region 

Left 

lumbar 

region 

Right iliae 

Hypogastrie 

Left liae 

(ingiiinal) 

(pubic) 

(inguinal) H 

region 

region 

region 


4 




Liver 


Gallbladder 


Appendix 



Aseending eolon of 
large intestine 


Small intestine 


Cecum 


Diaphragm 

Spleen 

Stomaeh 


Transverse eolon 
of large intestine 

Deseending eolon 
of large intestine 

Initial part of 
sigmoid eolon 

Llrinary bladder 



Figure 1.8 Abdominopelvie regions. Nine regions delineated by four planes. 

(a) The superior horizontal plane is just inferior to the ribs; the inferior horizontal 
plane is at the superior aspeet of the hip bones. The vertieal planes are just medial to 
the nipples. (b) Superfieial organs are shovvn in eaeh region. 







Orbital 

eavity 

(orbit) 


Nasal 

eavity 


Oral eavity 

(mouth) 


Middle ear 
eavity 



Tongue 


Synovial eavity 

in a joint 
between neek 
vertebrae 

Fibrous 

layer 

around 

joint 


Figure 1.9 Other body eavities. The oral # nasal, orbital, and middle ear eavities are 
loeated in the head and open to the body exterior. Synovial eavities are found in 
joints betvveen many bones such as the vertebrae of the spine, and at the knee, 
shoulder # and hip. 
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Exercise 1 


GROUP GHALLENGE 


The Language of Anatomy 

Working in small groups, eomplete the tasks deseribed 
below. Work together, but don’t use a figure or other refer- 
enee to answer the questions. As usual, assume that the 
human body is in the anatomieal position. 

1. Arrange the following terms from superior to inferior: 
eervieal, coxal, emral, femoral, lumbar, mental, nasal, 
plantar, sternal, and tarsal._ 


2. Arrange the following terms from proximal to distal: 
antebraehial, antecubital, braehial, earpal, digital, and 
palmar._ 


3. Arrange the following terms from medial to lateral: 
aeromial, axillary, buccal, otie, pollex, and umbilical. 


4. Arrange the following terms from distal to proximal: 
ealeaneal, femoral, hallux, plantar, popliteal, and sural. 


5. Name a plane that you could use to seetion a four- 
legged ehair and still be able to sit in the ehair without 
falling over._ 


6. Name the abdominopelvie region that is both medial 
and inferior to the right lumbar region. 


7. Name the type of inflammation (think “-itis”) that is 
typieally aeeompanied by pain in the lower right quadrant. 



















Name_ 

Lab Time/Date 


Surface Anatomy 



1. Mateh eaeh of the numbered deseriptions with the related term in the key, and reeord the key letter or term in front of the 
deseription. 



Key: a. buccal 

e. eephalie 

e. patellar 

b. ealeaneal 

d. digital 

f. scapular 



1. eheek 

2. fingers 

3. shoulder blade region 


4. anterior aspeet of knee 

5. heel of foot 

6. head 


2. indieate the following body areas on the aeeompanying diagram by plaeing the eorreet key letter at the end of eaeh line. 


Key, 

• 

i 

a. 

abdominal 

b. 

antecubital 

e. 

braehial 

d. 

eervieal 

e. 

ernral 

f. 

femoral 

g- 

fibular 

h. 

gluteal 

• 

ì. 

lumbar 

• 

J- 

oeeipital 

k. 

oral 

1. 

popliteal 

m. 

pubic 

n. 

sural 

0 . 

thoraeie 

P- 

umbilical 






3. Classify eaeh of the terms in the key of question 2 above into one of the large body regions indieated below. Insert the 
appropriate key letters on the answer blanks. 


1. appendicular 


2. axial 


Body Orientation, Direetion, Planes, and Seetions 

4. Deseribe eompletely the standard human anatomieal position_ 


11 
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Revievv Sheet 1 


5. Define seetion. 


6. Several ineomplete statements are listed below. Correctly eomplete eaeh statement by ehoosing the appropriate anatomieal 
term from the key. Reeord the key letters and/or terms on the eorrespondingly numbered blanks below. Some terms are used 
more than onee. 


Key: a. anterior 

b. distal 
e. frontal 


d. inferior 

e. lateral 

f. medial 



. posterior 

h. proximal 

i. sagittal 


J- 


supenor 


k. transverse 


In the anatomieal position, the faee and palms are on the J_ body surface; the buttocks and shoulder blades are on the 
2 body surface; and the top of the head is the most _3_ part of the body. The ears are _4_ and _5_ to the shoulders and _6_ to 
the nose. The heart is _7_ to the vertebral column (spine) and _8_ to the lungs. The elbow is _9_ to the fingers but 10_ to the 
shoulder. The abdominopelvie eavity is 11 to the thoraeie eavity and 12 to the spinal eavity. In humans, the dorsal surface 
ean also be ealled the 13 surface; however, in quadruped animals, the dorsal surface is the 14 surface. 

If an ineision cuts the heart into right and left parts, the seetion is a 15 seetion; but if the heart is cut so that superior 
and inferior portions result, the seetion is a 16 seetion. You are told to cut a disseetion animal along two planes so that both 
kidneys are observable in eaeh seetion. The two seetions that will always meet this requirement are the 17 and 18 seetions. 
A seetion that demonstrates the continuity between the spinal and eranial eavities is a 19 seetion. 


1 . 


8 . 


14. 


2 


9 


15 


3 


10 


16 


4. 


11 . 


17 


5 


12 


18 


6 


13 


19 


7. 


7. Correctly identify eaeh of the body planes by inserting the appropriate term for eaeh on the answer line below the drawing. 
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8. Draw a kidney as it appears when seetioned in eaeh of the three different planes. 



Transverse 

seetion 


Sagittal 

seetion 


Frontal 

seetion 


9. Correctly identify eaeh of the nine regions of 
the abdominopelvie eavity by inserting the ap- 
propriate term for eaeh of the letters indieated 
in the drawing. 

a. 


b. 


e. 

d. 

e. 

f. 

g- 

h. 

ì. 



Body Cavities 

10. Which body eavity would have to be opened for the following types of surgery or procedures? (Insert letter of key ehoiee in 
same-numbered blank. More than one ehoiee may apply.) 

Key: a. abdominopelvie e. dorsal e. thoraeie 

b. eranial d. spinal f. ventral 


1. surgery to remove a cancerous lung lobe 

2. removal of the uterus, or womb 

3. removal of a brain tumor 


4. appendeetomy 

5. stomaeh ulcer operation 

6. delivery of pre-operative “saddle” anesthesia 
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11. Name the muscle that subdivides the ventral body eavity. _ 

12. What are the bony landmarks of the abdominopelvie eavity? 


13. Which body eavity affords the least proteetion to its internal structures? 

14. What is the function of the serous membranes of the body?_ 


15. Using the key ehoiees, identify the small body eavities deseribed below. 


Key: a. middle ear eavity 

b. nasal eavity 


e. oral eavity 
d. orbital eavity 


e. synovial eavity 


1. holds the eyes in an anterior-faeing position 


4 


2. houses three tiny bones involved in hearing 


5 


3. eontained within the nose 


eontains the tongue 
surrounds a joint 


16. On the ineomplete flowchart provided below: 

• Fill in the eavity names as appropriate to boxes 3-8. 

• Then, using either the name of the eavity or the box numbers, identify the deseriptions in the list that follows. 


Body eavities 



a. eontained within the skull and vertebral column 

b. houses female reproductive organs 
e. the most proteetive body eavity 

d. its name means belly 


e. eontains the heart 

f. eontains the small intestine 

g. bounded by the ribs 

h. its walls are muscular 










































Organ Systems Overview 


MATERIALS 

□ Freshly killed or preserved rat 
[predisseeted by instructor as a 
demonstration or for student 
disseetion (one rat for every tvvo to 
four students)] or predisseeted human 
eadaver 

□ Disseetion trays 

□ Tvvine or large disseeting pins 

□ Seissors 

□ Probes 

□ Foreeps 

□ Disposable gloves 

□ Human torso model (disseetible) 



OBJEGYIVES 


ui 

u 


1 . 

2 . 



Name the human organ systems and indieate the major functions of 
eaeh. 

List several major organs of eaeh system and identify them in a disseeted 
rat, human eadaver or eadaver image, or in a disseetible human torso 
model. 

Name the eorreet organ system for eaeh organ vvhen presented vvith a 
list of organs studied in the laboratory. 




PRE-LAB Q U I Z 

1. Name the structural and functional unit of all living things._ 

2. The small intestine is an example of a(n)_, because it is eomposed 

of tvvo or more tissue types that perform a particular function for the body. 

a. epithelial tissue e. organ 

b. muscular tissue d. organ system 

3. The_system is responsible for maintaining homeostasis 

of the body via rapid transmission of eleetrieal signals. 

4. The kidneys are part of the_system. 

5. The thin rrmsele that separates the thoraeie and abdominal eavities is the 


: 



MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PEx 




PhysioEx 

A&PFIix 


Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



he basie unit or building bloek of all living things is the eell. Cells fall into 
four different eategories aeeording to their structures and functions. Eaeh 
of these eorresponds to one of the four tissue types: epithelial, muscular, 
nervous, and eonneetive. A tissue is a group of eells that are similar in structure 
and function. An organ is a structure eomposed of two or more tissue types that 
performs a speeifie function for the body. For example, the small intestine, which 
digests and absorbs nutrients, is made up of all four tissue types. 

An organ system is a group of organs that aet together to perform a particu- 
lar body function. For example, the organs of the digestive system work together 
to break down foods and absorb the end products into the bloodstream to pro- 
vide nutrients and fuel for all the body’s eells. In all, there are 11 organ systems 
(deseribed in Table 2.1). The lymphatie system also eneompasses a fimetional 
system ealled the immune system, which is eomposed of an army of mobile eells 
that aet to proteet the body from foreign substances. 

Read through this summary of the body’s organ systems before beginning 
your rat disseetion or examination of the predisseeted human eadaver. If a human 
eadaver is not available, the figures provided in this exercise (Figures 2.3-2.6), 
will serve as a partial replaeement. 


15 
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Exercise 2 


Table 2.1 

Overview of Organ Systems of the Body 

Organ system 

Major eomponent organs 

Function 

Integumentary 

(Skin) 

Epidermal and dermal regions; 
cutaneous sense organs and glands 

• Proteets deeper organs from meehanieal, ehemieal, and baeterial injury, 
and drying out 

• Excretes salts and urea 

• Aids in regulation of body temperature 

• Produces vitamin D 

Skeletal 

Bones, eartilages, tendons, ligaments, 
and joints 

• Body support and proteetion of internal organs 

• Provides levers for muscular aetion 

• Cavities provide a site for blood eell formation 

Muscular 

Muscles attaehed to the skeleton 

• Primary function is to eontraet or shorten; in doing so, skeletal muscles 
allow loeomotion (mnning, walking, ete.), grasping and manipulation of 
the environment, and faeial expression 

• Generates heat 


Nervous Brain, spinal eord, nerves, and sensory • Allows body to deteet ehanges in its internal and external environment 

reeeptors and to respond to such information by aetivating appropriate muscles or 

glands 

• Helps maintain homeostasis of the body via rapid transmission of 
eleetrieal signals 


Endoerine Pituitary, thymus, thyroid, parathyroid, • Helps maintain body homeostasis, promotes growth and development; 

adrenal, and pineal glands; ovaries, produces ehemieal messengers ealled hormones that travel in the blood to 

testes, and panereas exert their effeet(s) on various target organs of the body 



penis, and duct system, which earries 
sperm to the body exterior 

Female: ovaries, uterine tubes, uterus, • Provides germ eells ealled eggs; the female uterus houses the developing 
mammary glands, and vagina fetus until birth; mammary glands provide nutrition for the infant 



DISSECTIOI\l AIMD IDEI\ITIFICATIOI\l: 

The Organ Systems of the Rat 

Many of the external and internal structures of the rat are 
quite similar in structure and function to those of the human, 
so a study of the gross anatomy of the rat should help you 
understand our own physieal structure. The following instme- 
tions include direetions for disseeting and observing a rat. In 
addition, the deseriptions for organ observations (Aetivity 4, 


í4 Examining the Ventral Body Cavity,” which begins on page 
18) also apply to superficial observations of a previously dis- 
seeted human eadaver. The general instmetions for observing 
external structures also apply to human eadaver observations. 
(The photographs in Figures 2.3 to 2.6 will provide visual 
aids.) 

Note that four organ systems (integumentary, skeletal, 
muscular, and nervous) will not be studied at this time, as 
they require mieroseopie study or more detailed disseetion. ■ 











Organ Systems Overview 17 


Figure 2.1 Rat disseetion: Securing 
for disseetion and the initial ineision. 
(a) Securing the rat to the disseetion 
tray with disseeting pins. (b) llsing 
seissors to make the ineision on the 
median line of the abdominal region. 
(e) Completed ineision from the 
pelvie region to the lower jaw. 

(d) Refleetion (folding baek) of 
the skin to expose the underlying 
muscles. 






A C T I V I T Y 1 


Observing External Structures 

1. If your instmetor has provided a predisseeted rat, go to the 
demonstration area to make your observations. Alternatively, 
if you and/or members of your group will be disseeting the 
speeimen, obtain a preserved or freshly killed rat, a disseeting 
tray, disseeting pins or twine, seissors, probe, foreeps, and 
disposable gloves, and bring them to your laboratory beneh. 

If a predisseeted human eadaver is available, obtain a 
probe, foreeps, and disposable gloves before going to the 
demonstration area. 

| 2. Don the gloves before beginning your observa- 

* tions. This precaution is particularly important when 
handling freshly killed animals, which may harbor internal 
parasites. 

3. Observe the major divisions of the body—head, trank, 
and extremities. If you are examining a rat, eompare these 
divisions to those of humans. ■ 


AOTIVITY 2 


Examining the Oral Cavity 

Examine the structures of the oral eavity. Identify the teeth 
and tongue. Observe the extent of the hard palate (the portion 
underlain by bone) and the soft palate (immediately posterior 
to the hard palate, with no bony support). Notiee that the 
posterior end of the oral eavity leads into the throat, or phar- 
ynx, a passageway used by both the digestive and respiratory 
systems. 


AOTIVITY 3 


Opening the Ventral Body Cavity 

1. Pin the animal to the wax of the disseeting tray by plaeing 
its dorsal side down and securing its extremities to the wax 
with large disseeting pins (Figure 2.1 a). 

If the disseeting tray is not waxed, you will need to 
secure the animal with twine as follows. (Some may prefer 
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Figure 2.2 Rat disseetion: Making lateral cuts at the 
base of the rib eage. 

this method in any ease.) Obtain the roll of twine. Make a 
loop knot around one upper limb, pass the twine under the 
tray, and secure the opposing limb. Repeat for the lower 
extremities. 

2. Lift the abdominal skin with a foreeps, and cut through 
it with the seissors (Figure 2.1b). Close the seissor blades 
and insert them flat under the cut skin. Moving in a eephalad 
direetion, open and elose the blades to loosen the skin from 
the underlying eonneetive tissue and muscle. Now, cut the 
skin along the body midline, from the pubic region to the 
lower jaw (Figure 2.1c). Finally, make a lateral cut about 
halfway down the ventral surface of eaeh limb. Complete 
the job of freeing the skin with the seissor tips, and pin the 
flaps to the tray (Figure 2.1d). The underlying tissue that is 
now exposed is the skeletal musculature of the body wall 
and limbs. It allows voluntary body movement. Notiee that 
the muscles are paekaged in sheets of pearly white eonnee- 
tive tissue (faseia), which proteet the muscles and bind them 
together. 

3. Carefully cut through the muscles of the abdominal 
wall in the pubic region, avoiding the underlying organs. 
Remember, to disseet means u to separate”—not mutilate! 
Now, hold and lift the muscle layer with a foreeps and cut 
through the muscle layer from the pubic region to the bot- 
tom of the rib eage. Make two lateral cuts at the base of the 
rib eage (Figure 2.2). A thin membrane attaehed to the 
inferior boundary of the rib eage should be obvious; this is 
the diaphragm, which separates the thoraeie and abdominal 


eavities. Cut the diaphragm where it attaehes to the ventral 
ribs to loosen the rib eage. Cut through the rib eage on either 
side. You ean now lift the ribs to view the eontents of the 
thoraeie eavity. Cut aeross the flap, at the level of the neek, 
and remove it. M 


A C T I V I T Y 4 


Examining the Ventral Body Cavity 

1. Starting with the most superficial structures and working 
deeper, examine the structures of the thoraeie eavity. (Refer 
to Figure 2.3, which shows the superficial organs, as you 
work.) Choose the appropriate view depending on whether 
you are examining a rat (a) or a human eadaver (b). 

Thymus: An irregular mass of glandular tissue overlying the 
heart (not illustrated in the human eadaver photograph). 

With the probe, push the thymus to the side to view the heart. 

Heart: Medial oval structure enelosed within the pericardium 
(serous membrane sae). 

Lungs: Lateral to the heart on either side. 

Now observe the throat region to identify the traehea. 

Traehea: Tubelike “windpipe” mnning medially down the 
throat; part of the respiratory system. 

Follow the traehea into the thoraeie eavity; notiee where it 
divides into two branehes. These are the bronehi. 

Bronehi: Two passageways that plunge laterally into the tis- 
sue of the two lungs. 

To expose the esophagus, push the traehea to one side. 

Esophagus: A food chute; the part of the digestive system 
that transports food from the pharynx (throat) to the stomaeh. 

Diaphragm: A thin muscle attaehed to the inferior boundary 
of the rib eage; separates the thoraeie and abdominal eavities. 

Follow the esophagus through the diaphragm to its junction 
with the stomaeh. 

Stomaeh: A curved organ important in food digestion and 
temporary food storage. 

2. Examine the superficial structures of the abdominopelvie 
eavity. Lift the greater omentum, an extension of the perito- 
neum that eovers the abdominal viseera. Continuing from the 
stomaeh, traee the rest of the digestive traet (Figure 2.4). 

Small intestine: Connected to the stomaeh and ending just 
before the saelike cecum. 

Large intestine: A large muscular tube eonneeted to the 
small intestine and ending at the anus. 

Cecum: The initial portion of the large intestine. 
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Heart 

Lung 


Liver 



Traehea 


Thymus 


Diaphragm 





Traehea 


Superior 
vena eava 


Pericardium (cut 
and refleeted) 


Lungs 


Heart 


Diaphragm 


(b) 

Figure 2.3 Superficial organs of the thoraeie eavity. (a) Disseeted rat. 
(b) Human eadaver. 
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Faleiform ligament 


Liver 


Stomaeh 


Spleen 


Cecum 



Greater omentum 


Small intestine 


Large intestine 


Llrinary bladder 



Figure 2.4 Abdominal organs. (a) Disseeted rat # superfieial view. (b) Human eadaver, 
superfieial view. 


Follow the course of the large intestine to the rectum, which is 
partially eovered by the urinary bladder (Figure 2.5). 


Examine the posterior wall of the abdominal eavity to loeate 
the two kidneys (Figure 2.5). 


Rectum: Terminal part of the large intestine; continuous with 
the anal eanal. 

Anus: The opening of the digestive traet (through the anal 
eanal) to the exterior. 

Now lift the small intestine with the foreeps to view the 
mesentery. 

Mesentery: An apronlike serous membrane; suspends many 
of the digestive organs in the abdominal eavity. Notiee that it 
is heavily invested with blood vessels and, more likely than 
not, riddled with large fat deposits. 

Loeate the remaining abdominal structures. 

Panereas: A diffuse gland; rests dorsal to and in the mes- 
entery between the first portion of the small intestine and 
the stomaeh. You will need to lift the stomaeh to view the 
panereas. 

Spleen: A dark red organ curving around the left lateral side 
of the stomaeh; eonsidered part of the lymphatie system and 
often ealled the red blood eell graveyard. 

Liver: Large and brownish red; the most superior organ in the 
abdominal eavity, direetly beneath the diaphragm. 

3. To loeate the deeper structures of the abdominopelvie 
eavity, move the stomaeh and the intestines to one side with 
the probe. 


Kidneys: Bean-shaped organs; retroperitoneal (behind the 
peritoneum). 

Adrenal glands: Large endoerine glands that sit on top of 
the superior margin of eaeh kidney; eonsidered part of the 
endoerine system. 

Carefully strip away part of the peritoneum with foreeps and 
attempt to follow the course of one of the ureters to the bladder. 

Ureter: Tube mnning from the indented region of a kidney to 
the urinary bladder. 

Urinary bladder: The sae that serves as a reservoir for urine. 


4. In the midline of the body eavity lying between the kidneys 
are the two prineipal abdominal blood vessels. Identify eaeh. 


Inferior vena eava: The large vein that returns blood to the 
heart from the lower body regions. 

Deseending aorta: Deep to the inferior vena eava; the largest 
artery of the body; earries blood away from the heart down 
the midline of the body. 


5. Only a brief examination of reproductive organs will be 
done. If you are working with a rat, first determine if the animal 
is a male or female. Observe the ventral body surface beneath 
the tail. If a saelike scrotum and an opening for the anus are 
visible, the animal is a male. If three body openings—urethral, 
vaginal, and anal—are present, it is a female. 
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(a) 


Inferior vena eava 


Adrenal gland 


Kidneys 


Deseending aorta 


U rete rs 


Seminal gland 

Urinary bladder 
Prostate 

Bulbo-urethral 
gland 

Ductus deferens 
Penis 

Testis 
Rectum 

Scrotum 
Anus 



(b) 


Figure 2.5 Deep structures of the 
abdominopelvie eavity. (a) Human eadaver. 
(b) Disseeted male rat. (Some reproductive 
structures also shown.) (e) Disseeted female 
rat. (Some reproductive structures also 
shown.) 


Adrenal gland 

Kidney 
Deseending aorta 

Ureter 

Ovary 

Uterine horns 

Uterus 
Urinary bladder 

Vagina 

Urethral opening 

Vaginal orifiee 

Anus 




Male Animal 

Make a shallow ineision into the scrotum. Loosen and lift 
out one oval testis. Exert a gentle pull on the testis to iden- 
tify the slender ductus deferens, or vas deferens, which 
earries sperm from the testis superiorly into the abdominal 
eavity and joins with the urethra. The urethra runs through 
the penis and earries both urine and sperm out of the body. 
Identify the penis, extending from the bladder to the ventral 
body wall. (Figure 2.5b indieates other glands of the male 
rat’s reproductive system, but they need not be identified at 
this time.) 


Female Animal 

inspeet the pelvie eavity to identify the Y-shaped uterus 
lying against the dorsal body wall and superior to the bladder 
(Figure 2.5c). Follow one of the uterine horns superiorly to 
identify an ovary, a small oval structure at the end of the uter- 
ine horn. (The rat uterus is quite different from the uterus of a 
human female, which is a single-ehambered organ about the 
size and shape of a pear.) The inferior undivided part of the 
rat uterus is continuous with the vagina, which leads to the 
body exterior. Identify the vaginal orifiee (external vaginal 
opening). 
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Colon 

Llreter 


Seminal gland 


Ductus deferens 


Bladder 


Pubis 


Prostate 


Penis 


Testis 



Figure 2.6 Human reproductive organs. (a) Male 
external genitalia. (b) Sagittal seetion of the male pelvis. 
(e) Sagittal seetion of the female pelvis. 


Colon- 

End of- 

uterine tube 


Ovary 


Uterus — 

Bladder- 
Pubis — 

Vagina — 

External - 
opening 
of vagina 




If you are working with a human eadaver, proeeed as 
indieated next. 

Male Cadaver 

Make a shallow ineision into the scrotum (Figure 2.6a). 
Loosen and lift out the oval testis. Exert a gentle pull on the 
testis to identify the slender ductus (vas) deferens, which 
earries sperm from the testis superiorly into the abdominal 
eavity and joins with the urethra (Figure 2.6b). The urethra 
runs through the penis and earries both urine and sperm out 
of the body. Identify the penis, extending from the bladder to 
the ventral body wall. 

Female Cadaver 

inspeet the pelvie eavity to identify the pear-shaped uterus 
lying against the dorsal body wall and superior to the blad- 
der. Follow one of the uterine tubes superiorly to identify 
an ovary, a small oval structure at the end of the uterine tube 
(Figure 2.6c). The inferior part of the uterus is continuous 


with the vagina, which leads to the body exterior. Identify the 
vaginal orifiee (external vaginal opening). 

6. When you have finished your observations, rewrap or 
store the disseetion animal or eadaver aeeording to your in- 
stmetor’s direetions. Wash the disseeting tools and equipment 
with laboratory detergent. Dispose of the gloves. Then wash 
and dry your hands before continuing with the examination 
of the human torso model. H 


A C T I V I T Y 5 


Examining the Human Torso Model 

1. Examine a human torso model to identify the organs 
listed. Some model organs will have to be removed to see 
the deeper organs. If a torso model is not available, the pho- 
tograph of the human torso model (Figure 2.7) may be used 
for this part of the exercise. 
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Figure 2.7 Human torso model. 

2. Using the terms at the right of the torso model photo 
(Figure 2.7), label eaeh organ supplied with a leader line in 
the photo. 

3. Plaee eaeh of the listed organs in the eorreet body eavity 
or eavities. For organs found in the abdominopelvie eavity, 
also indieate which quadrant they occupy. 


Adrenal gland 

Lungs 

Aortie areh 

Mesentery 

Brain 

Panereas 

Bronehi 

Rectum 

Deseending aorta 

Small intestine 

Diaphragm 

Spinal eord 

Esophagus 

Spleen 

Greater omentum 

Stomaeh 

Heart 

Thyroid gland 

Inferior vena eava 

Traehea 

Kidneys 

Ureters 

Large intestine 

Urinary bladder 

Liver 



Abdominopelvie eavity 


4. Now, assign eaeh of the organs to one of the organ system 
eategories listed below. 

Digestive:_ 


Urinary:_ 

Cardiovascular: 


Endoerine:_ 

Reproductive:_ 

Respiratory:_ 

Lymphatie/Imrmmity: 
Nervous: 


Dorsal body eavity 
Thoraeie eavity_ 
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GROUP GHALLENGE 


Odd Organ Out 

Eaeh of the following sets eontains four organs. One of 
the listed organs in eaeh ease does not share a eharaeter- 
istie that the other three do. Circle the organ that doesn’t 
belong with the others and explain why it is singled out. 
What eharaeteristie is it missing? Sometimes there may 


be multiple reasons why the organ doesn’t belong with 
the others. Include as many as you ean think of but make 
sure it does not have the key eharaeteristie. Use the over- 
view of organ systems (Table 2.1) and the pictures in your 
lab manual to help you seleet and justify your answer. 


1. Which is the "odd organ"? 

Why is it the odd one out? 

Stomaeh 

Teeth 

Small intestine 

Oral eavity 


2. Which is the "odd organ"? 

Why is it the odd one out? 

Thyroid gland 

Thymus 

Spleen 

Lymph nodes 


3. Which is the "odd organ"? 

Why is it the odd one out? 

Ovaries 

Prostate gland 

Uterus 

Uterine tubes 


4. Which is the "odd organ"? 

Why is it the odd one out? 

Stomaeh 

Small íntestine 


Esophagus 

Large intestine 















Name 


Lab Time/Date 



Organ Systems Overvievv 


h 


1. Use the key below to indieate the body systems that perform the following functions for the body; note that some body 
systems are used more than onee. Then, eirele the organ systems (in the key) that are present in all subdivisions of the 



ventral body eavity. 

Key: a. cardiovascular 

b. digestive 
e. endoerine 


d. integumentary 

e. lymphatic/immunity 

f. muscular 



nervous 


J- 


skeletal 


h. reproductive 

i. respiratory 


k. urinary 





1. rids the body of nitrogen-eontaining wastes 


2. is affeeted by removal of the thyroid gland 


3. provides support and levers on which the muscular system aets 


4. includes the heart 


5. has a menstraal eyele in females 



> 



6. proteets underlying organs from drying out and from meehanieal damage 


7. proteets the body; destroys baeteria and tumor eells 


8. breaks down ingested food into its building bloeks 


9. removes earbon dioxide from the blood 


10. delivers oxygen and nutrients to the tissues 


11. moves the limbs; faeilitates faeial expression 


12. eonserves body water or eliminates excesses 


and 


13. faeilitate eoneeption and ehildbearing 


14. eontrols the body by means of ehemieal molecules ealled hormones 


15. is damaged when you cut your finger or get a severe sunburn 


2. Using the above key, ehoose the organ system to which eaeh of the following sets of organs or body structures belongs. 


1. thymus, spleen, lymphatie vessels 


5. epidermis, dermis, and cutaneous sense 
organs 


2. bones, eartilages, tendons 


6. testis, ductus deferens, urethra 


3. panereas, pituitary, adrenals 

4. traehea, bronehi, lungs 


7. esophagus, large intestine, rectum 

8. muscles of the thigh, postural muscles 
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Revievv Sheet 2 


3. Using the key below, plaee the following organs in their proper body eavity 


Key: a. abdominopelvie 


b. 


eranial 


e. spinal 


d. thoraeie 


1. stomaeh 


4. liver 


7. heart 


2. esophagus 


5. spinal eord 


8. traehea 


3. large intestine 


6. urinary bladder 


9. rectum 


4. Using the organs listed in question 3 above, reeord, by number, which would be found in the abdominal regions listed below 


1. hypogastrie region 


4. epigastrie region 


2. right lumbar region 


5. left iliae region 


3. umbilical region 


6. left hypoehondriae region 


5. The levels of organization of a living body are ehemieal, 


, and organism 


6 . Define organ. 


7. Using the terms provided, eorreetly identify all of the body organs provided with leader lines in the drawings shown below. 
Then name the organ systems by entering the name of eaeh on the answer blank below eaeh drawing. 


Key: blood vessels 

brain 


heart 

kidney 


nerves spinal eord 

sensory reeeptor ureter 


urethra 

urinary bladder 




8. Why is it helpful to study the external and internal structures of the rat? 





























































































MATERIALS 

□ Compound mieroseope 

□ Millimeter ruler 

□ Prepared slides of the letter e or 
newsprint 

□ Immersion oil 

□ Lens paper 

□ Prepared slide of grid ruled in 
millimeters 

□ Prepared slide of three erossed eolored 
threads 

□ Clean mieroseope slide and eoverslip 

□ Toothpieks (flat-tipped) 

□ Physiologieal saline in a dropper bottle 

□ lodine or dilute methylene blue stain 
in a dropper bottle 

□ Filter paper or paper towels 

□ Beaker eontaining fresh 10% 
household bleaeh solution for wet 
mount disposal 

□ Disposable autoclave bag 

□ Prepared slide of eheek epithelial eells 

Note to the instriietor: The slides and eov- 
erslips used for viewing eheek eells are to be 
soaked for 2 hours (or longer) in 10% bleaeh 
solution and then drained. The slides and 
disposable autoclave bag eontaining eover- 
slips, lens paper, and used toothpieks are to 
be autoclaved for 15 min at 121°C and 15 
pounds pressure to ensure sterility. After au- 
toelaving, the disposable autoclave bag may 
be disearded in any disposal faeility, and the 
slides and glassware washed with laboratory 
detergent and prepared for use. These in- 
stmetions apply as well to any bloodstained 
glassware or disposable items used in other 
experimental procedures. 


O 

1 . 

2 . 

3. 

4. 

5. 

6 . 


P 

1 . 

2 . 


3. 

4. 



BJEGTIVES 



Identify the parts of the mieroseope and list the function of eaeh. 

Deseribe and demonstrate the proper techniques for eare of the 
mieroseope. 

Demonstrate proper focusing technique. 



Define total magnifieation, resolution, parfoeal, field, depth offield and 
vvorking distanee. 

Measure the field size for one objeetive lens, calculate it for all the other 
objeetive lenses, and estimate the size of objeets in eaeh field. 



Discuss the general relationships between magnifieation, working distanee, 
and field size. 


RE-LAB Q U I Z 

The mieroseope slide rests on the_while being viewed. 

a. base e. iris 

b. eondenser d. stage 

Your lab mieroseope is parfoeal. This means that: 

a. The speeimen is elearly in focus at this depth. 

b. The slide should be almost in focus when ehanging to higher 
magnifieations. 

e. You ean easily diseriminate two elose objeets as separate. 

If the ocular lens magnifies a speeimen 10X, and the objeetive lens used 
magnifies the speeimen 35X, what is the total magnifieation being used to 
observe the speeimen?_ 

How do you elean the lenses of your mieroseope? 

a. with a papertowel 

b. with soap and water 

e. with speeial lens paper and eleaner 

Circle True or False. You should always begin observation of speeimens with 
the oil immersion lens. 


Ma 


MasteringA&P 8 For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 



A&PFIix AStPFIìx 

Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 


W ith the invention of the mieroseope, biologists gained a valuable 

tool to observe and study structures like eells that are too small to 
be seen by the unaided eye. The information gained helped in estab- 
lishing many of the theories basie to the understanding of biologieal seienees. 
This exercise will familiarize you with the workhorse of mieroseopes—the 
compound mieroseope—and provide you with the neeessary instmetions for 
its proper use. 
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Exercise 3 


Care and Structure of the 
Compound Mieroseope 


The eompoimd mieroseope is a preeision instmment and 
should always be handled with eare. At all times you must 
observe the following rules for its transport, eleaning, use, 
and storage: 


• When transporting the mieroseope, hold it in an upright 
position with one hand on its arm and the other supporting its 
base. Avoid swinging the instmment during its transport and 
jarring the instmment when setting it down. 

• Use only speeial grit-free lens paper to elean the lenses. 
Use a circular motion to wipe the lenses, and elean all lenses 
before and after use. 


• Always begin the focusing proeess with the lowest-power 
objeetive lens in position, ehanging to the higher-power lenses 
as neeessary. 

• Use the eoarse adjustment knob only with the lowest- 
power lens. 

• Always use a eoverslip with wet mount preparations. 

• Before putting the mieroseope in the storage eabinet, 
remove the slide from the stage, rotate the lowest-power 
objeetive lens into position, wrap the eord neatly around the 
base, and replaee the dust eover or return the mieroseope to 
the appropriate storage area. 

• Never remove any parts from the mieroseope; inform 
your instmetor of any meehanieal problems that arise. 


A C T I V I T Y 1 


Identifying the Parts of a Mieroseope 

1. Using the proper transport technique, obtain a mieroseope 
and bring it to the laboratory beneh. 

• Reeord the number of your mieroseope in the Siimmary 
Chart (page 31). 

Compare your mieroseope with the photograph 
(Figure 3.1) and identify the following mieroseope parts: 

Base: Supports the mieroseope. ( Note: Some miero- 
seopes are provided with an inelination joint, which al- 
lows the instmment to be tilted backward for viewing dry 
preparations.) 

Substage light or mirror: Loeated in the base. In miero- 
seopes with a substage light source, the light passes di- 
reetly upward through the mieroseope: light eontrols are 
loeated on the mieroseope base. If a mirror is used, light 
must be refleeted from a separate free-standing lamp. 

Stage: The platform the slide rests on while being 
viewed. The stage has a hole in it to permit light to pass 
through both it and the speeimen. Some mieroseopes 
have a stage equipped with spring elips; others have a 
elamp-type meehanieal stage (as shown in Figure 3.1). 
Both hold the slide in position for viewing; in addition, 
the meehanieal stage has two adjustable knobs that eon- 
trol preeise movement of the speeimen. 


Condenser: Small substage lens that eoneentrates the 
light on the speeimen. The eondenser may have a raek 
and pinion knob that raises and lowers the eondenser to 
vary light delivery. Generally, the best position for the 
eondenser is elose to the inferior surface of the stage. 

Iris diaphragm lever: Arm attaehed to the base of the 
eondenser that regulates the amount of light passing 
through the eondenser. The iris diaphragm permits the 
best possible eontrast when viewing the speeimen. 

Coarse adjustment knob: Used to focus on the speeimen. 

Fine adjustment knob: Used for preeise focusing onee 
eoarse focusing has been eompleted. 

Head or body tube: Supports the objeetive lens system, 
which is mounted on a movable nosepieee, and the ocular 
lens or lenses. 

Arm: Vertieal portion of the mieroseope eonneeting the 
base and head. 

Ocular (or eyepieee ): Depending on the mieroseope, 
there are one or two lenses at the superior end of the 
head or body tube. Observations are made through the 
ocular(s). An ocular lens has a magnifieation of 10X; it 
inereases the apparent size of the objeet by ten times or ten 
diameters. If your mieroseope has a pointer to indieate a 
speeifie area of the viewed speeimen, it is attaehed to one 
ocular and ean be positioned by rotating the ocular lens. 

Nosepieee: Rotating meehanism at the base of the head. 
Generally earries three or four objeetive lenses and permits 
sequential positioning of these lenses over the light beam 
passing through the hole in the stage. Use the nosepieee to 
ehange the objeetive lenses. Do not direetly grab the lenses. 

Objeetive lenses: Adjustable lens system that permits the 
use of a seanning lens, a low-power lens, a high-power 
lens, or an oil immersion lens. The objeetive lenses have 
different magnifying and resolving powers. 

2. Examine the objeetive lenses carefully; note their relative 
lengths and the numbers inseribed on their sides. On many 
mieroseopes, the seanning lens, with a magnifieation between 
4X and 5X, is the shortest lens. If there is no seanning lens, 
the low-power objeetive lens is the shortest and typieally has 
a magnifieation of 10 X. The high-power objeetive lens is of 
intermediate length and has a magnifieation range from 40 X 
to 50X, depending on the mieroseope. The oil immersion ob- 
jeetive lens is usually the longest of the objeetive lenses and 
has a magnifying power of 95X to 100X. Some mieroseopes 
laek the oil immersion lens. 

• Reeord the magnifìeation of eaeh objeetive lens of your mi- 
eroseope in the first row of the Summary Chart (page 31). 
Also, eross out the column relating to a lens that your 
mieroseope does not have. Plan on using the same miero- 
seope for all mieroseopie studies. 

3. Rotate the lowest-power objeetive lens until it elieks into 
position, and turn the eoarse adjustment knob about 180 
degrees. Notiee how far the stage (or objeetive lens) travels 
during this adjustment. Move the fine adjustment knob 180 
degrees, noting again the distanee that the stage (or the objee- 
tive lens) moves. wm 
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Head 


Arm 


Meehanieal 

stage 


Coarse 
adjustment 
knob 


Fine 
adjustment 
knob 


Condenser 
raek and 
pinion knob 
(regulates 
height of 
eondenser) 



Power 

switch 




- 


Ocular lenses 


Rotating 

nosepieee 

Stage 


Objeetive lenses 


Oondenser 

Iris diaphragm 
lever 

Substage light 
Light eontrol 


Figure 3.1 Compound mieroseope and its parts. 


Magnifieation and Resolution 

The mieroseope is an instmment of magnifieation. In the 
compound mieroseope, magnifieation is aehieved through the 
interplay of two lenses—the ocular lens and the objeetive lens. 
The objeetive lens magnifies the speeimen to produce a real 
image that is projeeted to the ocular. This real image is magni- 
fied by the ocular lens to produce the virtual image seen by 
your eye (Figure 3.2). 

The total magnifieation (TM) of any speeimen being 
viewed is equal to the power of the ocular lens multiplied 
by the power of the objeetive lens used. For example, if the 
ocular lens magnifies 10 X and the objeetive lens being used 
magnifies 45X, the total magnifieation is 450X (or 10 X 45). 

• Determine the total magnifieation you may aehieve with 
eaeh of the objeetives on your mieroseope, and reeord the 
figures on the third row of the Summary Chart. 

The compound light mieroseope has eertain limitations. 
Although the level of magnifieation is almost limitless, the 


resohition (or resolving power), that is, the ability to dis- 
eriminate two elose objeets as separate, is not. The human 
eye ean resolve objeets about 100 pm apart, but the compound 
mieroseope has a resolution of 0.2 pm under ideal eonditions. 
Objeets eloser than 0.2 pm are seen as a single fused image. 

Resolving power is determined by the amount and physieal 
properties of the visible light that enters the mieroseope. In gen- 
eral, the more light delivered to the objeetive lens, the greater 
the resolution. The size of the objeetive lens aperture (opening) 
deereases with inereasing magnifieation, allowing less light to 
enter the objeetive. Thus, you will probably find it neeessary to 
inerease the light intensity at the higher magnifìeations. 


AOTIVITY 2 


Viewing Objeets Through the Mieroseope 

1. Obtain a millimeter rnler, a prepared slide of the letter e or 
newsprint, a dropper bottle of immersion oil, and some lens 
paper. Adjust the eondenser to its highest position and switch 
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Exercise 3 



Figure 3.2 Image formation in light mieroseopy. 

Step(í)The objeetive lens magnifies the objeet, forming 
the real image. Step©The ocular lens magnifies the real 
image, forming the virtual image. Step@The virtual 
image passes through the lens of the eye and is focused 
on the retina. 


on the light source of your mieroseope. If the light source is 
not built into the base, use the curved surface of the mirror to 
refleet the light up into the mieroseope. 

2. Secure the slide on the stage so that you ean read the slide 
label and the letter e is eentered over the light beam passing 
through the stage. If you are using a mieroseope with spring 
elips, make sure the slide is secured at both ends. If your 
mieroseope has a meehanieal stage, open the jaws of its slide 
holder by using the eontrol lever, typieally loeated at the rear 
left eorner of the meehanieal stage. Insert the slide squarely 
within the eonfines of the slide holder. Check that the slide 
is resting on the stage, not on the meehanieal stage frame, 
before releasing the eontrol lever. 

3. With your lowest-power (seanning or low-power) objeetive 
lens in position over the stage, use the eoarse adjustment knob to 
bring the objeetive lens and stage as elose together as possible. 


4. Look through the ocular lens and adjust the light for eom- 
fort using the iris diaphragm. Now use the eoarse adjustment 
knob to focus slowly away from the e until it is as elearly 
focused as possible. Complete the focusing with the fine ad- 
justment knob. 


5. Sketeh the letter e in the eirele on the Summary Chart 
(page 31) just as it appears in the field —the area you see 
through the mieroseope. 


Reeord the working distanee in the Summary Chart. 

How has the apparent orientation of the e ehanged top to 
bottom, right to left, and so on? 


6. Move the slide slowly away from you on the stage as you 
view it through the ocular lens. In what direetion does the 
image move? 


Move the slide to the left. In what direetion does the image 
move? 


At first this ehange in orientation may confuse you, but with 
praetiee you will learn to move the slide in the desired direetion 
with no problem. 

7. Today most good laboratory mieroseopes are parfoeal; 
that is, the slide should be in focus (or nearly so) at the 
higher magnifieations onee you have properly focused. With- 
out touching the foeming knobs, inerease the magnifieation 
by rotating the next higher magnifieation lens into position 
over the stage. Make sure it elieks into position. Using the fine 
adjustment only, sharpen the focus. If you are unable to focus 
with a new lens, your mieroseope is not parfoeal. Do not try 
to foree the lens into position. Consult your instmetor. Note 
the deerease in working distanee. As you ean see, focusing 
with the eoarse adjustment knob could drive the objeetive lens 
through the slide, breaking the slide and possibly damaging 
the lens. Sketeh the letter e in the Summary Chart. What new 
details beeome elear? 


As best you ean, measure the distanee between the objeetive 
and the slide. 

Reeord the working distanee in the Summary Chart. 

Is the image larger or smaller?_ 

Approximately how much of the letter e is visible now? 


Is the field larger or smaller?_ 

Why is it neeessary to eenter your objeet (or the portion of the 
slide you wish to view) before ehanging to a higher power? 


How far is the bottom of the objeetive lens from the speei- 
men? In other words, what is the working distanee? Use a 
millimeter rnler to make this measurement. 
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Summary Chart for Mieroseope # 


Seanning 


Lovv povver 

High povver 


Oil immersion 

Magnifieation of 







obieetive lens 


X 

X 


X 

X 

J 

Magnifieation of 







ocular lens 

10 

X 

10 x 

10 

X 

10 x 

Total magnifieation 


X 

X 


X 

X 

Workinq distanee 


mm 

mm 


mm 

mm 


Detail observed 
Letter e 






Field size (diameter) 


mm 


pm 


mm 


pm 


mm 


pm 


mm 


pm 


Move the iris diaphragm lever while observing the field. What 
happens? 


Is it better to inerease or deerease the light when ehanging to 
a higher magnifieation? 

_Why?_ 


8. If you have just been using the low-power objeetive, 
repeat the steps given in direetion 7 using the high-power 
objeetive lens. What new details beeome elear? 


Reeord the working distanee in the Summary Chart. 

9. Without touching the focusing knob, rotate the high- 
power lens out of position so that the area of the slide over 
the opening in the stage is unobstructed. Plaee a drop of im- 
mersion oil over the e on the slide and rotate the oil immersion 
lens into position. Set the eondenser at its highest point (elos- 
est to the stage), and open the diaphragm fully. Adjust the fine 
focus and fine-tune the light for the best possible resolution. 

Note: If for some reason the speeimen does not eome into 
view after adjusting the fine focus, do not go baek to the 40X 
lens to reeenter. You do not want oil from the oil immersion 
lens to cloud the 40X lens. Turn the revolving nosepieee in 
the other direetion to the low-power lens and reeenter and 
refocus the objeet. Then move the immersion lens baek into 
position, again avoiding the 40X lens. Sketeh the letter e in 
the Summary Chart, What new details beeome elear? 


Is the field again deereased in size?_ 

As best you ean, estimate the working distanee, and reeord it 
in the Summary Chart. Is the working distanee less or greater 
than it was when the high-power lens was focused? 


Compare your observations on the relative working distanees 
of the objeetive lenses with the illustration (Figure 3.3). 
Explain why it is desirable to begin the focusing proeess at 
the lowest power. 


10. Rotate the oil immersion lens slightly to the side and 
remove the slide. Clean the oil immersion lens carefully with 
lens paper, and then elean the slide in the same manner with 
a fresh pieee of lens paper. Bi 


10x 45 x 100x 



Stage 


Fìgure 3.3 Relative vvorking distanees of the 10x, 45x, 
and 100x objeetives. 
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Exercise 3 




Table 3.1 

Comparison of Metrie 
llnits of Length 


Metrie unit 

Abbreviation 

Equivalent 

Meter 

m 

(about 39.3 in.) 

Centimeter 

em 

10 -2 m 

Millimeter 

mm 

10 -3 m 

Mierometer (or mieron) pm (p) 

10 -6 m 

Nanometer (or 

nm (mp) 

10 _9 m 

millimierometer or 


millimieron) 



Ángstrom 

o 

A 

10 _1 ° m 


(Refer to the “Getting Started” exercise [page xiv] for tips on metrie 
eonversions.) 


The Mieroseope Field 

By this time you should know that the size of the mieroseope 
field deereases with inereasing magnifieation. For future mi- 
eroseope work, it will be useful to determine the diameter 
of eaeh of the mieroseope fields. This information will al- 
low you to make a fairly accurate estimate of the size of 
the objeets you view in any field. For example, if you have 
calculated the field diameter to be 4 mm and the objeet being 
observed extends aeross half this diameter, you ean estimate 
that the length of the objeet is approximately 2 mm. 

Mieroseopie speeimens are usually measured in mi- 
erometers and millimeters, both units of the metrie system. 
(You ean get an idea of the relationship and meaning of these 
units from Table 3.1. A more detailed treatment appears in 
the appendix.) 


A C T I V I T Y 3 


Esfimating the Diameter 
of the Mieroseope Field 

1. Obtain a grid slide, which is a slide prepared with graph 
paper ruled in millimeters. Eaeh of the squares in the grid is 
1 mm on eaeh side. Use your lowest-power objeetive to bring 
the grid lines into focus. 

2. Move the slide so that one grid line touches the edge of the 
field on one side, and then count the number of squares you 
ean see aeross the diameter of the field. If you ean see only 
part of a square, as in the aeeompanying diagram, estimate the 
part of a millimeter that the partial square represents. 




Reeord this figure in the appropriate spaee marked “field size” 
on the Summary Chart (page 31). (If you have been using 
the seanning lens, repeat the procedure with the low-power 
objeetive lens.) 

Complete the ehart by computing the approximate 
diameter of the high-power and oil immersion fields. 
The general formula for calculating the unknown field 
diameter is: 

Diameter of field A X total magnifieation of field A = 
diameter of field B X total magnifieation of field B 

where A represents the known or measured field and B repre- 
sents the unknown field. This ean be simplified to 

Diameter of field B = 

diameter of field A X total magnifieation of field A 

total magnifieation of field B 

For example, if the diameter of the low-power field (field A) is 
2 mm and the total magnifieation is 50 X, you would compute 
the diameter of the high-power field (field B) with a total 
magnifieation of 100X as follows: 

Field diameter B = (2 mm X 50)/100 
Field diameter B = 1 mm 

3. Estimate the length (longest dimension) of the following 
mieroseopie objeets. Base your calculations on thefield sizes 
you have determined for your mieroseope. 

Objeet seen in low-power field: 

approximate length: 

mm 



Objeet seen in high-power field: 
approximate length: 

_mm 

or_pm 



Objeet seen in oil immersion field: 
approximate length: 

_pm 
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4. If an objeet viewed with the oil immersion lens looked as 
it does in the field depieted below, could you determine its 
approximate size from this view? 





Pereeiving Depth 


Any mieroseopie speeimen has depth as well as length and 
width; it is rare indeed to view a tissue slide with just one 
layer of eells. Normally you ean see two or three eell thiek- 
nesses. Therefore, it is important to learn how to determine 
relative depth with your mieroseope. In mieroseope work the 
depth of field (the thiekness of the plane that is elearly in 
focus) is greater at lower magnifieations. As magnifieation 
inereases, depth of field deereases. 


A C T I V I T Y 4 


Pereeiving Depth 

1. Obtain a slide with eolored erossed threads. Focusing at 
low magnifieation, loeate the point where the three threads 
eross eaeh other. 

2. Use the iris diaphragm lever to greatly reduce the light, 
thus inereasing the eontrast. Focus down with the eoarse ad- 
justment until the threads are out of focus, then slowly focus 
upward again, noting which thread eomes into elear focus 
first. (You will see two or even all three threads, so you must 
be very careful in determining which one first eomes into 
elear focus.) Observe: As you rotate the adjustment knob for- 
ward (away from you), does the stage rise or fall? If the stage 
rises, then the first elearly focused thread is the top one; the 
last elearly focused thread is the bottom one. 

If the stage deseends, how is the order affeeted?_ 



Reeord your observations, relative to which eolor of thread is 
uppermost, middle, or lowest: 

Top thread_ 

Middle thread_ 

B ottom thread H 



(e) 

Fìgure 3.4 Procedure for preparation of a wet mount. 

(a) The objeet is plaeed in a drop of water (or saline) on a 
elean slide, (b) a eoverslip is held at a 45° angle with the 
fingertips, and (e) it is lowered carefully over the water 
and the objeet. 

Viewing Cells Llnder 
the Mieroseope 

There are various ways to prepare eells for viewing under a 
mieroseope. Cells and tissues ean look very different with 
different stains and preparation techniques. One method 
of preparation is to mix the eells in physiologieal saline 
(ealled a wet mount) and stain them with methylene blue 
stain. 

If you are not instmeted to prepare your own wet mount, 
obtain a prepared slide of epithelial eells to make the observa- 
tions in step 10 of Aetivity 5. 


A C T I V I T Y 5 


Preparing and Observing a Wet Mount 

1. Obtain the following: a elean mieroseope slide and eov- 
erslip, two flat-tipped toothpieks, a dropper bottle of physi- 
ologieal saline, a dropper bottle of iodine or methylene blue 
stain, and filter paper (or paper towels). Handle only your 
own slides throughout the procedure. 

2. Plaee a drop of physiologieal saline in the eenter of the 
slide. Using the flat end of the toothpiek, gently serape the 
inner lining of your eheek. Transfer your eheek serapings to 
the slide by agitating the end of the toothpiek in the drop of 
saline (Figure 3.4a) 

Immediately diseard the used toothpiek in the dispos- 
able autoclave bag provided at the supplies area. 
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Exercise 3 



Fígure 3.5 Epithelial eells of the eheek eavity 
(surface view, 600x). 

3. Add a tiny drop of the iodine or methylene blue stain to 
the preparation. (These epithelial eells are nearly transparent 
and thus difficult to see without the stain, which eolors the 
nuclei of the eells and makes them look much darker than the 
eytoplasm.) Stir again. 

f Immediately diseard the used toothpiek in the dispos- 
* able autoclave bag provided at the supplies area. 

4. Hold the eoverslip with your fingertips so that its bottom 
edge touches one side of the fluid drop (Figure 3.4b), then 
carefully lower the eoverslip onto the preparation (Figure 
3.4c). Do not just drop the eoverslip, or you will trap large 
air bubbles under it, which will obscure the eells. A eoverslip 
should always he used with a wet mount to prevent soiling the 
lens if you should misfocus. 

5. Examine your preparation carefully. The eoverslip should 
be tight against the slide. If there is excess fluid around its 
edges, you will need to remove it. Obtain a pieee of filter pa- 
per, fold it in half, and use the folded edge to absorb the excess 
fluid. You may use a twist of paper towel as an alternative. 

▲ Before continuing, diseard the filter paper or paper 

towel in the disposable autoclave bag. 

6. Plaee the slide on the stage, and loeate the eells at the 
lowest power. You will probably want to dim the light with 
the iris diaphragm to provide more eontrast for viewing the 
lightly stained eells. Furthermore, a wet mount will dry out 
quickly in bright light because a bright light source is hot. 

7. Cheek epithelial eells are very thin, six-sided eells. In the 
eheek, they provide a smooth, tilelike lining (Figure 3.5). 
Move to high power to examine the eells more elosely. 


8. Make a sketeh of the epithelial eells that you observe. 



Use information on your Summary Chart (page 31) to esti- 
mate the diameter of eheek epithelial eells. 

_pm 

Why do your eheek eells look different than those in the 
photomierograph (Figure 3.5)? (Hint: What did you have to 
do to your eheek to obtain them?) 


f 9. When you eomplete your observations of the wet 
* mount, dispose of your wet mount preparation in the 
beaker of bleaeh solution, and put the eoverslips in an auto- 
elave bag. 

10. Obtain a prepared slide of eheek epithelial eells, and view 
them under the mieroseope. 

Estimate the diameter of one of these eheek epithelial eells 
using information from the Summary Chart (page 31). 

_pm 

Why are these eells more similar to those in the photograph 
(Figure 3.5) and easier to measure than those of the wet 
mount? 


11. Before leaving the laboratory, make sure all other 
materials are properly disearded or returned to the appropri- 
ate laboratory station. Clean the mieroseope lenses and put 
the dust eover on the mieroseope before you return it to the 
storage eabinet. ■ 



























Name_ 

Lab Time/Date 


The Mieroseope 


Care and Structure of the Compound Mieroseope 

1. Label all indieated parts of the mieroseope. 



2. Explain the proper technique for transporting the mieroseope. 
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Revievv Sheet 3 


3. The following statements are tme or false. If tme, write T on the answer blank. If false, eorreet the statement by writing on 
the blank the proper word or phrase to replaee the one that is underlined. 

_1. The mieroseope lens may be eleaned with anv soft tissue . 

_2. The mieroseope should be stored with the oil immersion lens in position over the stage. 

_3. When beginning to focus, use the lowest-power lens. 

_4. When focusing, always focus toward the speeimen. 

_5. A eoverslip should always be used with wet mounts and the high-power and oil lenses . 


4. Mateh the mieroseope structures in column B with the statements in column A that identify or deseribe them. 


Column A 


Column B 


1. platform on which the slide rests for viewing 

2. used to inerease the amount of light passing through 
the speeimen 

3. secure(s) the slide to the stage 

4. delivers a eoneentrated beam of light to the speeimen 

5. used for preeise focusing onee initial focusing has been done 


a. eoarse adjustment knob 

b. eondenser 

e. fine adjustment knob 

d. iris diaphragm 

e. meehanieal stage 

f. nosepieee 

g. objeetive lenses 

h. ocular 

i. spring elips 

j. stage 


6. earries the objeetive lenses; rotates so that the different 

objeetive lenses ean be brought into position over the speeimen 


5. Define the following terms. 


virtual image: 


resoliítion: _ 

Vievving Objeets Through the Mieroseope 

6 . Complete, or respond to, the following statements: 

_1. The distanee from the bottom of the objeetive lens to the speeimen is ealled the_ 

_2. Assume there is an objeet on the left side of the field that you want to bring to the eenter (that 

is, toward the apparent right). In what direetion would you move your slide?_ 

_3. The area of the speeimen seen when looking through the mieroseope is the_ 

_4. If a mieroseope has a 10 X ocular and the total magnifieation at a particular time is 950 X, the 

objeetive lens in use at that time is_ X. 

_5. Why should the light be dimmed when looking at living (nearly transparent) eells? 

_6. If, after focusing in low power, only the fine adjustment need be used to focus the speeimen at 

the higher powers, the mieroseope is said to be_ 

_7. If, when using a 10 X ocular and a 15 X objeetive, the field size is 1.5 mm, the approximate field 

size with a 30 X objeetive is_mm. 
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8. If the size of the high-power field is 1.2 mm, an objeet that occupies approximately 
field has an estimated diameter of_mm. 


a third of that 


7. You have been asked to prepare a slide with the letter k on it (as shown below). In the eirele below, draw the k as seen in the 
low-power field. 




8. Figure out the magnifieation of fields 1 and 3, and the field size of 2. (Hint: Use your rnler.) Note that the numbers for the 
field sizes below are too large to represent the typieal compound mieroseope lens system, but the relationships depieted are 
accurate. 


5 mm 


mm 


0.5 mm 



9. Say you are observing an objeet in the low-power field. When you switch to high-power, it is no longer in your field of view. 
Why might this occur?- 


What should be done initially to prevent this from happening? 


10. Do the following faetors inerease or deerease as one moves to higher magnifieations with the mieroseope? 

resolution:_ amount of light needed:_ 

working distanee:_ depth of field:_ 

11. A student has the high-dry lens in position and appears to be intently observing the speeimen. The instmetor, noting a working 
distanee of about 1 em, knows the student isn’t actually seeing the speeimen. 

How so?- 

12. Deseribe the proper procedure for preparing a wet mount. 


13. indieate the probable cause of the following situations arising during use of a mieroseope. 
a. Only half of the field is illuminated:_ 


b. Field does not ehange as meehanieal stage is moved: 
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MATERIALS 

□ Three-dimensional model of the 
"eomposite" animal eell or laboratory 
ehart of eell anatomy 

□ Compound mieroseope 

□ Prepared slides of simple squamous 
epithelium, teased smooth muscle (l.s.), 
human blood eell smear, and sperm 


OBJECTIVES 

1. Define cell f organelle, and inclusion. 

2. Identify on a eell model or diagram the follovving cellular regions 
and listthe major function of eaeh: nucleus, eytoplasm, and plasma 
membrane. 

3. Identify the eytoplasmie organelles and discuss their structure and 
function. 




□ Animation/video of mitosis 

□ Three-dimensional models of mitotie 
stages 

□ Prepared slides of vvhitefish blastulas 

□ ehenille stieks (pipe eleaners), tvvo 
different eolors cut into 3-ineh pieees, 
8 pieees per group 


4. Compare and eontrast speeialized eells vvith the eoneept of the "generalized 
eell." 

5. Define interphase, mitosis, and eytokinesis. 

6. List the stages of mitosis and deseribe the key events of eaeh stage. 

7. Identify the mitotie phases on slides or appropriate diagrams. 

8. Explain the importanee of mitotie eell division and deseribe its product. 


Note to the Instructor: See direetions for 
handling wet mount preparations and dis- 
posable supplies (page 34, Exercise 3). For 

suggestions on the animation/video of mito- PRE-LAB QUIZ 

sis, see the Instmetor Guide. 

1. Define eell. 


2. When a eell is not dividing, the DNA is loosely spread throughout the 
nucleus in a threadlike form ealled: 

a. ehromatin e. eytosol 

b. ehromosomes d. ribosomes 

3. The plasma membrane not only provides a proteetive boundary for the 
eell but also determines vvhieh substances enter or exit the eell. We eall this 
eharaeteristie: 

a. diffusion e. osmosis 

b. membrane potential d. seleetive permeability 

4. Proteins are assembled on these organelles. 


MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you vvill find: 

• Praetiee Anatomy Lab PÁL 



• PhysioEx 


PEx 


• A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



5. Because these organelles are responsible for providing most of the ATP 
needed by the eell, they are often referred to as the "powerhouses" of the 
eell. They are the: 

a. eentrioles e. mitoehondria 

b. lysosomes d. ribosomes 

6. Circle the eorreet underlined term. During eytokinesis / interphase the eell 
grows and performs its usual aetivities. 

7. Circle True or False. The end product of mitosis is four genetieally identieal 
daughter nuclei. 

8. How many stages of mitosis are there?_ 

9. DNA replieation occurs during: 

a. eytokinesis e. metaphase 

b. interphase d. prophase 

10. Circle True or False. All animal eells have a eell wall. 
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Exercise 4 


T he eell, the structural and functional unit of all living 

things, is a complex entity. The eells of the human 
body are highly diverse, and their differenees in size, 
shape, and internal eomposition refleet their speeifie roles 
in the body. Still, eells do have many eommon anatomieal 
features, and all eells must earry out eertain functions to 
sustain life. For example, all eells ean maintain their bound- 
aries, metabolize, digest nutrients and dispose of wastes, 
grow and reproduce, move, and respond to a stimulus. This 
exercise focuses on structural similarities found in many 
eells and illustrated by a “eomposite,” or “generalized,” 
eell (Figure 4.1a) and eonsiders only the function of eell 
reproduction (eell division). (Most other eell functions are 
eonsidered in detail in later exercises. Exercise 5 explores 
transport meehanisms, the means by which substances eross 
a eell’s external membrane.) 

Anatomy of the Composite Cell 

In general, all animal eells have three major regions, or parts, 
that ean readily be identified with a light mieroseope: the 
nucleus, the plasma membrane, and the eytoplasm. The 
nucleus is typieally a round or oval structure near the eenter 
of the eell. It is surrounded by eytoplasm, which in turn is 
enelosed by the plasma membrane. Sinee the invention of 
the eleetron mieroseope, even smaller eell structures—organ- 
elles—have been identified. See the diagram (Figure 4.1a) 
representing the fine structure of the eomposite eell. An elee- 
tron mierograph (Figure 4.1b) reveals the cellular structure, 
particularly of the nucleus. 

Nucleus 

The nucleus eontains the genetie material, DNA, seetions 
of which are ealled genes. Often deseribed as the eontrol 
eenter of the eell, the nucleus is neeessary for eell repro- 
duction. A eell that has lost or ejeeted its nucleus is pro- 
grammed to die. 

When the eell is not dividing, the genetie material is 
loosely dispersed throughout the nucleus in a threadlike 
form ealled ehromatin. When the eell is in the proeess of 
dividing to form daughter eells, the ehromatin eoils and 
eondenses, forming dense, darkly staining rodlike bodies 
ealled ehromosomes —much in the way a stretehed spring 
beeomes shorter and thieker when it is released. Carefully 
note the appearanee of the nucleus—it is somewhat nonde- 
seript when a eell is healthy. A dark nucleus and clumped 
ehromatin indieate that the eell is dying and undergoing 
degeneration. 

The nucleus also eontains one or more small round 
bodies, ealled nucleoli, eomposed primarily of proteins and 
ribonucleic aeid (RNA). The nucleoli are assembly sites 
for ribosomal partieles that are particularly abundant in the 
eytoplasm. Ribosomes are the actual protein-synthesizing 
“faetories.” 

The nucleus is bound by a double-layered porous 
membrane, the nuclear envelope. The nuclear envelope 
is similar in eomposition to other cellular membranes, but 
it is distinguished by its large nuclear pores. They are 
spanned by protein complexes that regulate what passes 
through and permit easy passage of protein and RNA 
molecules. 


Cytoplasm 

Plasma 

membrane 


(a) 


Endoplasmie 
reticulum Nuclear 



(b) Mitoehondria Chromatin Nucleolus 


Figure 4.1 Anatomy of the eomposite animal eell. 

(a) Diagram. (b) Transmission eleetron mierograph 
(5000x). 



A C T I V I T Y 1 


Identifying Parts of a Cell 

As able, identify the nuclear envelope, ehromatin, nucleolus, 
and the nuclear pores (see Figure 4. la and b and Figure 4.3.) H 

Plasma Membrane 

The plasma membrane separates eell eontents from the sur- 
rounding environment. Its main structural building bloeks are 
phospholipids (fats) and globular protein molecules. Some of 
the externally faeing proteins and lipids have sugar (earbohy- 
drate) side ehains attaehed to them that are important in eel- 
lular interaetions (Figure 4.2). Deseribed by the fluid mosaie 
model, the membrane is a bilayer of phospholipid molecules 
in which the protein molecules float. Oeeasional eholesterol 
molecules dispersed in the bilayer help stabilize it. 

Besides providing a proteetive barrier for the eell, the 
plasma membrane plays an aetive role in determining which 
substances may enter or leave the eell and in what quantity. 
Because of its molecular eomposition, the plasma mem- 
brane is seleetive about what passes through it. It allows 
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Extracellular fluid 
(watery environment 
outside eell) 


Lt. 


Polar head of 

phospholipid 

molecule 

Nonpolar tail 


Glyeoprotein 


Lipid bilayer 
eontaining proteins 

Outward-facing layer- 
of phospholipids 

Vfei “m. H ' • 41 

É * a 

lnward-facing layv., 
of phospholipids 


Oytoplasm 
(watery environment 
inside eell) 



proteins 


Peripheral 

proteins 


Fìgure 4.2 Structural details of the plasma membrane. 


nutrients to enter the eell but keeps out undesirable sub- 
stanees. By the same token, valuable eell proteins and other 
substances are kept within the eell, and excreta, or wastes, 
pass to the exterior. This property is known as seleetive 
permeability. Transport through the plasma membrane 
occurs in two basie ways. In aetive transport, the eell must 
provide energy in the form of adenosine triphosphate, or 
ATP, to power the transport proeess. In passive transport, 
the transport proeess is driven by eoneentration or pressure 
differenees. 

Additionally, the plasma membrane maintains a resting 
potential that is essential to normal functioning of excitable 
eells, such as neurons and muscle eells, and plays a vital role 
in eell signaling and eell-to-eell interaetions. In some eells 
the membrane is thrown into minute fingerlike projeetions 
or folds ealled mierovilli (Figure 4.3). Mierovilli greatly 
inerease the surface area of the eell available for absorp- 
tion or passage of materials and for the binding of signaling 
molecules. 


AOTIVITY 2 


Identifying Components 
of a Plasma Membrane 

Identify the phospholipid and protein portions of the plasma 
membrane in the figure (Figure 4.2). Also loeate the sugar 
(glyeo = earbohydrate) side ehains and eholesterol mole- 
cules. Identify the mierovilli in the generalized eell diagram 
(Figure 4.3). H 

eytoplasm and Organelles 

The eytoplasm eonsists of the eell eontents between the 
nucleus and plasma membrane. It is the major site of most 
aetivities earried out by the eell. Suspended in the eytosol, 
the fluid eytoplasmie material, are many small structures 
ealled organelles (literally, “small organs”). The organelles 
are the metabolie maehinery of the eell, and they are highly 
organized to earry out speeifie functions for the eell as a 
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Exercise 4 


Nucleus 



ehromatin 


Nuclear envelope 


Plasma 

membrane 


Smooth endoplasmie 
reticulum 


Oytosol 


Lysosome 


Oentrioles 


Rough 

endoplasmie 

reticulum 


Oentrosome 

matrix 


Ribosomes 


Golgi apparatus 


Seeretion being released 
from eell by exocytosis 


Oytoskeletal 

elements 


Peroxisome 


Intermediate 

filaments 


Figure 4.3 Structure of the generalized eell. No eell is exactly like this one, but this 
eomposite i11ustrates features eommon to many human eells. Not all organelles are 
dravvn to the same seale in this illustration. 


whole. The organelles include the ribosomes, endoplasmie 
reticulum, Golgi apparatus, lysosomes, peroxisomes, mito- 
ehondria, eytoskeletal elements, and eentrioles. 


A C T I V I T Y 3 


Loeating Organelles 

Eaeh organelle type is deseribed in the following list (and 
summarized in Table 4.1). Read through the list and table 
and then, as best you ean, loeate the organelles in the illustra- 
tions (Figure 4.1b and 4.3).M 

• Ribosomes are densely staining, roughly spherieal bod- 
ies eomposed of RNA and protein. They are the actual sites 


of protein synthesis. They are seen floating free in the eyto- 
plasm or attaehed to a membranous structure. When they are 
attaehed, the whole ribosome-membrane complex is ealled 
the roiígh endoplasmie reticulum. 

• The endoplasmie reticulum (ER) is a highly folded sys- 
tem of membranous tubules and eisterns (saes) that extends 
throughout the eytoplasm. The ER is continuous with the 
nuclear envelope, forming a system of ehannels for the trans- 
port of cellular substances (primarily proteins) from one part 
of the eell to another. The ER exists in two forms, rough ER 
and smooth ER. A particular eell may have both or only one, 
depending on its speeifie functions. The rough ER is stud- 
ded with ribosomes. Its eisterns modify and store the newly 
formed proteins and dispateh them to other areas of the eell. 
The external faee of the rough ER is involved in phospholipid 
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Table 4.1 




Summary of Structure and Function of Cytoplasmic Organelles 


Organelle 


Loeation and function 


Ribosomes 



Tiny spherieal bodies eomposed of RNA and protein; floating free or attaehed to a membranoiis 
structure (the rough ER) in the eytoplasm. Actual sites of protein synthesis. 


Endoplasmie 
reticulum (ER) 



Membranous system of tubules that extends throughout the eytoplasm; two varieties: rough and 
smooth. Rough ER is studded with ribosomes; tubules of the rough ER provide an area for storage 
and transport of the proteins made on the ribosomes to other eell areas; external faee synthesizes 
phospholipids and eholesterol. Smooth ER, which has no function in protein synthesis, is a site of 
steroid and lipid synthesis, lipid metabolism, and dmg detoxification. 


Golgi apparatus 



Staek of flattened saes with bulbous ends and assoeiated small vesieles; found elose to the nucleus. 
Plays a role in paekaging proteins or other substances for export from the eell or ineorporation into 
the plasma membrane and in paekaging lysosomal enzymes. 


Lysosomes 



Various-sized membranous saes eontaining digestive enzymes including aeid hydrolases; function to 
digest worn-out eell organelles and foreign substances that enter the eell. Have the eapaeity of total 
eell destmetion if mptured. 


Peroxisomes 



Small lysosome-like membranous saes eontaining oxidase enzymes that detoxify aleohol, hydrogen 
peroxide, and other harmful ehemieals. 


Mitoehondria 



Generally rod-shaped bodies with a double-membrane wall; inner membrane is thrown into folds, or 
eristae; eontain enzymes that oxidize foodstuffs to produce cellular energy (ATP); often referred to as 
“powerhouses of the eell.” 


Centrioles 



Paired, eylindrieal bodies lie at right angles to eaeh other, elose to the nucleus. As part of the 
eentrosome, they direet the formation of the mitotie spindle during eell division; form the bases of 
eilia and flagella. 


Cytoskeletal 

elements: 

mierofilaments, 

intermediate 

filaments, and 

microtubules 



Provide cellular support; function in intracellular transport. Mierofilaments are formed largely of 
aetin, a eontraetile protein, and thus are important in eell mobility, particularly in muscle eells. 
Intermediate filaments are stable elements eomposed of a variety of proteins and resist meehanieal 
forees aeting on eells. Microtubules form the internal structure of the eentrioles and help determine 
eell shape. 


and eholesterol synthesis. The amount of rough ER is elosely 
eorrelated with the amount of protein a eell manufactures and 
is espeeially abundant in eells that make protein products for 
export—for example, the panereas eells that produce diges- 
tive enzymes destined for the small intestine. 

The smooth ER does not partieipate in protein synthesis 
but is present in conspicuous amounts in eells that produce 
steroid-based hormones—for example, the interstitial endo- 
erine eells of the testes, which produce testosterone. Smooth 
ER is also abundant in eells that are aetive in lipid metabolism 
and drug detoxification aetivities—liver eells, for instanee. 

• The Golgi apparatus is a staek of flattened saes with 
bulbous ends and assoeiated membranous vesieles that is 
generally found elose to the nucleus. Within its eisterns, the 
proteins delivered to it by transport vesieles from the rough 
ER are modified, segregated, and paekaged into membranous 


vesieles that ultimately (1) are ineorporated into the plasma 
membrane, (2) beeome seeretory vesieles that release their 
eontents from the eell, or (3) beeome lysosomes. 

• Lysosomes, which appear in various sizes, are membrane- 
bound saes eontaining an array of powerful digestive enzymes. 
A product of the paekaging aetivities of the Golgi apparatus, 
the lysosomes eontain aeid hydrolases, enzymes eapable of 
digesting worn-out eell structures and foreign substances that 
enter the eell via vesiele formation through phagoeytosis or 
endoeytosis (see Exercise 5). Because they have the eapaeity 
of total eell destmetion, the lysosomes are often referred to as 
the “suicide saes” of the eell. 

• Peroxisomes, like lysosomes, are enzyme-eontaining 
saes. However, their oxidases have a different task. Using 
oxygen, they detoxify a number of harmful substances, 
most importantly free radieals. Peroxisomes are particularly 
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Exercise 4 



abundant in kidney and liver eells, eells that are aetively 
involved in detoxification. 

• Mitoehondria are generally rod-shaped bodies with a 
double-membrane wall; the inner membrane is thrown into 
folds, or eristae. Oxidative enzymes on or within the mito- 
ehondria eatalyze the reaetions of the Krebs eyele and the 
eleetron transport ehain (eolleetively ealled aerobie cellular 
respiration), in which end products of food digestion are bro- 
ken down to produce energy. The released energy is captured 
in the bonds of ATP molecules, which are then transported 
out of the mitoehondria to provide a ready energy supply to 
power the eell. Every living eell requires a eonstant supply 
of ATP for its many aetivities. Because the mitoehondria 
provide the bulk of this ATP, they are referred to as the “pow- 
erhouses” of the eell. 

• Cytoskeletal elements ramify throughout the eyto- 
plasm, forming an internal seaffolding ealled the eytoskel- 
eton that supports and moves substances within the eell. 
The microtubules are slender tubules formed of proteins 
ealled tnbnlins. Most microtubules radiate from a region of 
eytoplasm near the nucleus ealled the eentrosome, and they 
have the ability to aggregate and then disaggregate spontane- 
ously. Microtubules organize the eytoskeleton and form the 
spindle during eell division. They also transport substances 
down the length of elongated eells (such as neurons), suspend 
organelles, and help maintain eell shape by providing rigid- 
ity to the soft cellular substance. The stable intermediate 
filaments are proteinaceous eytoskeletal elements that aet as 
internal guy wires to resist meehanieal (pulling) forees aeting 
on eells. Mierofilaments, ribbon or eordlike elements, are 
formed of eontraetile proteins, primarily aetin. Because of 
their ability to shorten and then relax to assume a more elon- 
gated form, these are important in eell mobility and are very 
conspicuous in muscle eells that are speeialized to eontraet. 
A eross-linked network of mierofilaments ealled the terminal 
web braees and strengthens the internal faee of the plasma 
membrane. 

The eytoskeletal structures are ehangeable and miero- 
seopie. With the exception of the microtubules of the mitotie 
spindle, which are very obvious during eell division (see 
pages 46-47), and the mierofilaments of skeletal muscle 
eells, they are rarely seen, even in eleetron mierographs. 
(Note that they are not depieted in Figure 4.1b). However, 
speeial stains ean reveal the plentiM supply of these impor- 
tant structures. 

• The paired eentrioles lie elose to the nucleus within 
the eentrosome in eells eapable of reproducing themselves. 
They are rod-shaped bodies that lie at right angles to eaeh 
other. Internally eaeh eentriole is eomposed of nine triplets 
of microtubules. During eell division, the eentrosome eom- 
plex that eontains the eentrioles direets the formation of the 
mitotie spindle. Centrioles also form the eell projeetions 
ealled eilia and flagella, and in that role are ealled basal 
bodies. 

The eell eytoplasm eontains various other substances 
and structures, including stored foods (glyeogen granules and 
lipid droplets), pigment granules, erystals of various types, 
water vacuoles, and ingested foreign materials. However, 
these are not part of the aetive metabolie maehinery of the eell 
and are therefore ealled inclusions. 


A C T I V I T Y 4 


Examìnìng the Cell Model 

Onee you have loeated all of these structures in the art 
(Figures 4.1b and 4.3), examine the eell model (or eell 
ehart) to repeat and reinforee your identifieations. M 

Differenees and Similarities 
in Cell Structure 


A C T I V I T Y 5 


Observing Various Cell Structures 

1. Obtain a compound mieroseope and prepared slides of 
simple squamous epithelium, smooth muscle eells (teased), 
human blood, and sperm. 

2. Observe eaeh slide under the mieroseope, carefully not- 
ing similarities and differenees in the eells. See photomi- 
erographs for simple squamous epithelmm (Figure 3.5 in 
Exercise 3) and teased smooth muscle (Figure 6.7c in Exer- 
eise 6). The oil immersion lens will be needed to observe 
blood and sperm. Distinguish the limits of the individual 
eells, and notiee the shape and position of the nucleus in 
eaeh ease. When you look at the human blood smear, direet 
your attention to the red blood eells, the pink-stained eells 
that are most numerous. The eolor photomierographs illus- 
trating a blood smear (Figure 29.3 in Exercise 29) and sperm 
(Figure 43.3 in Exercise 43) may be helpful in this eell struc- 
ture study. Sketeh your observations in the eireles provided 
(page 45). 

3. Measure the length or diameter of eaeh eell, and reeord 
below the appropriate sketeh. 

4. How do these four eell types differ in shape and size? 


How might eell shape affeet eell function? 


Which eells have visible projeetions? 
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Simple squamous 
epithelium 

Diameter 



Sperm eells 

Length_ 



Human 
redblood eells 

Diameter 



Teased smooth 
muscle eells 
Length_ 


How do these projeetions relate to the function of these eells? 


Do any of these eells laek a plasma membrane?_ 

A nucleus?_ 

In the eells with a nucleus, ean you diseern nucleoli? 


Were you able to observe any of the organelles in these eells? 
_Why or why not?_ 



Cell Division: Mitosis 
and Cytokinesis 


A eell’s life eyele is the series of ehanges it goes through from 
the time it is formed until it reproduces itself. It eonsists of 
two stages— interphase, the longer period during which the 
eell grows and earries out its usual aetivities (Figure 4.4a), 
and eell division, when the eell reproduces itself by dividing. 
In an interphase eell about to divide, the genetie material (DNA) 


is eopied exactly. Onee this important event has occurred, eell 
division ensues. 

Cell division in all eells other than baeteria eonsists of 
two events ealled mitosis and eytokinesis. Mitosis is the divi- 
sion of the eopied DNA of the mother eell to two daughter 
eells. Cytokinesis is the division of the eytoplasm, which 
begins when mitosis is nearly eomplete. Although mitosis is 
usually aeeompanied by eytokinesis, in some instanees eyto- 
plasmie division does not occur, leading to the formation of 
binucleate or multinucleate eells. This is relatively eommon 
in the human liver. 

The product of mitosis is two daughter nuclei that are 
genetieally identieal to the mother nucleus. This distinguishes 
mitosis from meiosis, a speeialized type of nuclear division 
(eovered in Exercise 43) that occurs only in the reproductive 
organs (testes or ovaries). Meiosis, which yields four daugh- 
ter nuclei that differ genetieally in eomposition from the 
mother nucleus, is used only for the production of gametes 
(eggs and sperm) for sexual reproduction. The function of 
eell division, including mitosis and eytokinesis in the body, 
is to inerease the number of eells for growth and repair while 
maintaining their genetie heritage. 

The phases of mitosis include prophase, metaphase, 
anaphase, and telophase. (The detailed events of inter- 
phase, mitosis, and eytokinesis are deseribed and illustrated 
in Figure 4.4.) 

Mitosis is essentially the same in all animal eells, but 
depending on the tissue, it takes from 5 minutes to several 
hours to eomplete. In most eells, eentriole replieation occurs 
during interphase of the next eell eyele. 

At the end of eell division, two daughter eells exist— 
eaeh with a smaller eytoplasmie mass than the mother eell 
but genetieally identieal to it. The daughter eells grow and 
earry out the normal speetmm of metabolie proeesses until it 
is their turn to divide. 


(Text eontiniies on page 48.) 
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Exercise 4 



Early Prophase 


Late Prophase 




Centrosomes (eaeh 
has 2 eentrioles) 



Nucleolus 


Nuclear 

envelope 


Plasma 


Early mitotie 


membrane spindle 



ehromatin 



Chromosome 


eonsisting of two 
sister ehromatids 


Aster 


Spindle pole 


Polar microtubule 



Oentromere 



Fragments 
of nuclear 
envelope 





Kinetoehore 


Kinetoehore 

microtubule 


Prophase—first phase of mitosis 


Interphase 


Interphase is the period of a eell’s life when 
it earries out its normal metabolie aetivities 
and grows. Interphase is not part of mitosis. 

• During interphase, the DNA-eontaining 
material is in the form of ehromatin. The 
nuclear envelope and one or more nucleoli 
are intaet and visible. 

• There are three distinet periods of 
interphase: 

G^The eentrioles begin replieating. 

S: DNA is replieated. 

G 2 : Final preparations for mitosis are 
eompleted and eentrioles finish 
replieating. 


Early Prophase 

•The ehromatin eondenses, forming barlike 
ehromosomes. 

• Eaeh duplicated ehromosome eonsists 
of two identieal threads, ealled sister 
ehromatids, held together at the 
eentromere. (Later when the ehromatids 
separate, eaeh will be a new ehromosome.) 

• As the ehromosomes appear, the nucleoli 
disappear, and the two eentrosomes 
separate from one another. 

• The eentrosomes aet as foeal points for 
growth of a microtubule assembly ealled 
the mitotie spindle. As the microtubules 
lengthen, they propel the eentrosomes 
toward opposite ends (poles) of the eell. 

• Microtubule arrays ealled asters (“stars”) 
extend from the eentrosome matrix. 


Late Prophase 

•The nuclear envelope breaks up, allowing 
the spindle to interaet with the 
ehromosomes. 

• Some of the growing spindle microtubules 
attaeh to kinetoehores, speeial protein 
structures at eaeh ehromosome’s 
eentromere. Such microtubules are ealled 

kinetoehore microtubules. 

•The remaining spindle microtubules (not 
attaehed to any ehromosomes) are ealled 
polar microtubules. The microtubules 
slide past eaeh other, foreing the poles 
apart. 

•The kinetoehore microtubules pull on 
eaeh ehromosome from both poles in a 
tug-of-war that ultimately draws the 
ehromosomes to the eenter, or equator, 
of the eell. 


Figure 4.4 The interphase eell and the events of eell division. The eells shovvn are 
from an early embryo of a vvhitefish. Photomierographs are above; eorresponding 
diagrams are belovv. (Mierographs approximately 1600x.) 
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Metaphase 







Telophase 


Cytokinesis 
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Metaphase 

plate 


Daughter 

ehromosomes 


Spindle 


Nuclear 
envelope 
forming 


Nucleolus forming Contractile 

ring at 
eleavage 
furrow 




Metaphase—seeond phase of mitosis ■ Anaphase—third phase of mitosis ■ Telophase—final phase of mitosis 


• The two eentrosomes are at opposite 
poles of the eell. 

•The ehromosomes cluster at the midline of 
the eell, with their eentromeres preeisely 
aligned at the equator of the spindle. This 
imaginary plane midway between the poles 
is ealled the metaphase plate. 

• Enzymes aet to separate the ehromatids 
from eaeh other. 


The shortest phase of mitosis, anaphase 
begins abruptly as the eentromeres of the 
ehromosomes split simultaneously. Eaeh 
ehromatid now beeomes a ehromosome in 
its own right. 

•The kinetoehore microtubules, moved 
along by motor proteins in the kinetoehores, 
gradually pull eaeh ehromosome toward the 
pole it faees. 

• At the same time, the polar microtubules 
slide past eaeh other, lengthen, and push 
the two poles of the eell apart. 

•The moving ehromosomes look V shaped. 
The eentromeres lead the way, and the 
ehromosomal “arms” dangle behind them. 

• Moving and separating the ehromosomes 
is helped by the faet that the ehromosomes 
are short, eompaet bodies. Diffuse threads 
of ehromatin would trail, tangle, and break, 
resulting in impreeise “pareeling out” to the 
daughter eells. 


Telophase begins as soon as ehromosomal 
movement stops.This final phase is like 
prophase in reverse. 

• The identieal sets of ehromosomes at 
the opposite poles of the eell uncoil and 
resume their threadlike ehromatin form. 

• A new nuclear envelope forms around 
eaeh ehromatin mass, nucleoli reappear 
within the nuclei, and the spindle breaks 
down and disappears. 

• Mitosis is now ended. The eell, for just a 
brief period, is binucleate (has two nuclei) 
and eaeh new nucleus is identieal to the 
original mother nucleus. 


Cytokinesis—division of eytoplasm 


Cytokinesis begins during late anaphase 
and continues through and beyond 
telophase. A eontraetile ring of aetin 
mierofilaments forms the eleavage furrow 
and pinehes the eell apart. 


Figure 4.4 (continued) 
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Exercise 4 


Cell division is extremely important during the body’s 
growth period. Most eells divide until puberty, when normal 
body size is aehieved and overall body growth eeases. After 
this time in life, only eertain eells earry out eell division rou- 
tinely—for example, eells subjected to abrasion (epithelium 
of the skin and lining of the gut). Other eell populations— 
such as liver eells—stop dividing but retain this ability should 
some of them be removed or damaged. Skeletal muscle, 
eardiae muscle, and most mature neurons almost eompletely 
lose this ability to divide and thus are severely handieapped 
by injury. Throughout life, the body retains its ability to repair 
cuts and wounds and to replaee some of its aged eells. 


AOTIVITY 6 


Identifying the Mitotie Stages 

1. Watch an animation or video presentation of mitosis (if 
available). 

2. Using the three-dimensional models of dividing eells 
provided, identify eaeh of the mitotie phases illustrated and 
deseribed in the figure (Figure 4.4). 

3. Obtain a prepared slide of whitefish blastulas to study 
the stages of mitosis. The eells of eaeh blastula (a stage of 
embryonie development eonsisting of a hollow ball of eells) 
are at approximately the same mitotie stage, so it may be 
neeessary to observe more than one blastula to view all the 
mitotie stages. A good analogy for a blastula is a soeeer ball 
in which eaeh leather pieee making up the ball’s surface 
represents an embryonie eell. The exceptionally high rate of 
mitosis observed in this tissue is typieal of embryos, but if it 
occurs in speeialized tissues it ean indieate cancerous eells, 
which also have an extraordinarily high mitotie rate. Examine 
the slide carefully, identifying the four mitotie phases and the 
proeess of eytokinesis. Compare your observations with the 
photomierographs (Figure 4.4), and verify your identifiea- 
tions with your instmetor. M 


AGTIVITY 7 


"ehenille Stiek" Mitosis 

1. Obtain a total of eight 3-ineh pieees of ehenille, four of 
one eolor and four of another eolor (e.g., four green and four 
purple). 

2. Assemble the ehenille stieks into a total of four ehromo- 
somes (eaeh with two sister ehromatids) by twisting two stieks 
of the same eolor together at the eenter with a single twist. 


3. Arrange the ehromosomes as they appear in early pro- 
phase. 

Name the structure that assembles during this phase. 


Draw early prophase in the spaee provided in the Review 
Sheet (question 10, page 51). 

4. Arrange the ehromosomes as they appear in late prophase. 
What structure on the ehromosome eentromere do the 

growing spindle microtubules attaeh to?_. 

What structure is now present as fragments?_ 


Draw late prophase in the spaee provided on the Review 
Sheet (question 10, page 51). 

5. Arrange the ehromosomes as they appear in metaphase. 
What is the name of the imaginary plane that the 

ehromosomes align along?_. 

Draw metaphase in the spaee provided on the Review 
Sheet (question 10, page 51). 

6. Arrange the ehromosomes as they appear in anaphase. 
What does untwisting of the ehenille stieks represent? 


Eaeh sister ehromatid has now beeome a_. 

Draw anaphase in the spaee provided on the Review Sheet 
(question 10, page 51). 

7. Arrange the ehromosomes as they appear in telophase. 

Briefly list four reasons why telophase is like the reverse 
of prophase. 


What does the twist at the eenter represent? 


Draw telophase in the spaee provided on the Review 
Sheet (question 10, page 51). 



















Name_ 

Lab Time/Date 



Anatomy of the Composite Cell 

1. Define the following terms: 

organelle: _ 



eell: 




2. Although eells have differenees that refleet their speeifie functions in the body, what functions do they have in eommon? 


3. Identify the following eell parts: 



1. external boundary of eell; regulates flow of materials into and out of the eell; site of 
eell signaling 

2. eontains digestive enzymes of many varieties; “suicide sae” of the eell 

3. seattered throughout the eell; major site of ATP synthesis 

4. slender extensions of the plasma membrane that inerease its surface area 

5. stored glyeogen granules, erystals, pigments, and so on 

6. membranous system eonsisting of flattened saes and vesieles; paekages proteins for 
export 

7. eontrol eenter of the eell; neeessary for eell division and eell life 

8. two rod-shaped bodies near the nucleus; assoeiated with the formation of the mitotie 
spindle 

9. dense, darkly staining nuclear body; paekaging site for ribosomes 

10. eontraetile elements of the eytoskeleton 

11. membranous system; involved in intracellular transport of proteins and synthesis of 
membrane lipids 

12. attaehed to membrane systems or seattered in the eytoplasm; site of protein synthesis 

13. threadlike structures in the nucleus; eontain genetie material (DNA) 

14. site of free radieal detoxification 
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Revievv Sheet 4 


4. In the following diagram, label all parts provided with a leader line. 



Differenees and Similarities in Cell Structure 

5. For eaeh of the following eell types, list (a) one important structural eharaeteristie observed in the laboratory, and (b) the 
function that the structure eomplements or ensures. 

squamous epitheliiim a._ 

b. _ 

sperm a. _ 

b. _ 

smooth muscle a. _ 

b. _ 

red blood eells a. 


b. 
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6. What is the signifieanee of the red blood eell being anucleate (without a nucleus)? 


Did it ever have a nucleus? (Use an appropriate referenee.)_If so, when?_ 

7. Of the four eells observed mieroseopieally (squamous epithelial eells, red blood eells, smooth muscle eells, and sperm), 

which has the smallest diameter?_Which is longest?_ 

Cell Division: Mitosis and Cytokinesis 

8. Identify the three phases of mitosis in the following photomierographs. 



a. _ b. _ e. 


9. What is the importanee of mitotie eell division? 



10. Draw the phases of mitosis for a eell that eontains four ehromosomes as its diploid or 2 n number. 
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Revievv Sheet 4 


11. Complete or respond to the following statements: 

1 . _ 

2. _ 

3 . _ 

4. _ 

5. _ 

6. _ 

7. _ 

8. _ 

9. _ 

12. Using the key, eategorize eaeh of the events deseribed below aeeording to the phase in which it occurs. 

Key: a. anaphase b. interphase e. metaphase d. prophase e. telophase 

_ 1. Chromatin eoils and eondenses, forming ehromosomes. 

_ 2. The ehromosomes are V shaped. 

_ 3. The nuclear envelope re-forms. 

_ 4. Chromosomes stop moving toward the poles. 

_ 5. ehromosomes line up in the eenter of the eell. 

_ 6. The nuclear envelope fragments. 

_ 7. The mitotie spindle forms. 

_ 8. DNA synthesis occurs. 

_ 9. Centrioles replieate. 

_ 10. Chromosomes first appear to be duplex structures. 

_ 11. ehromosomal eentromeres are attaehed to the kinetoehore fibers. 

_ 12. Cleavage furrow forms. 

_and_13. The nuclear envelope(s) is absent. 


Division of the 1 is referred to as mitosis. Cytokinesis is division of the 
2 . The major structural differenee between ehromatin and ehromosomes 
is that the latter are 3 . Chromosomes attaeh to the spindle fibers by undi- 
vided structures ealled 4 . If a eell undergoes mitosis but not eytokinesis, 
the product is 5 . The structure that aets as a seaffolding for ehromosomal 
attaehment and movement is ealled the 6 . 7 is the period of eell life 
when the eell is not involved in division. Two eell populations in the body 
that do not routinely undergo eell division are 8 and 9 . 


13. What is the physieal advantage of the ehromatin eoiling and eondensing to form short ehromosomes at the onset of mitosis? 




































MATERIALS 


The Cell: Transport 
Meehanisms and Cell 
Permeability 


Passive Proeesses 

Diffusion of Dye Through Agar Gel 

□ Petri dish eontaining 12 ml of 1.5% 
agar-agar 

□ Millimeter-ruled graph paper 

□ Wax marking peneil 

□ 3.5% methylene blue solution 
(approximately 0.1 M) in dropper 
bottles 

□ 1.6% potassium permanganate 
solution (approximately 0.1 M) 
in dropper bottles 

□ Medieine dropper 

Diffusion and Osmosis Through Nonliving 

Membranes 

□ Four dialysis saes or small Hefty® 
sandwich bags 

□ Small funnel 

□ 25-ml graduated eylinder 

□ Wax marking peneil 

□ Fine twine or dialysis tubing elamps 

□ 250-ml beakers 

□ Distilled water 

□ 40% glucose solution 

□ 10% sodium ehloride (NaCI) solution 

□ 40% sucrose solution eolored with 
Congo red dye 

□ Laboratory balanee 

□ Paper towels 

(Text continues on next page.) 


MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÀL 



• PhysioEx 


PEx 


• A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



OBJEGTIVES 

1. Define seleetive permeability and explain the differenee between aetive 
and passive transport proeesses. 

2. Define diffusion and explain how simple diffusion and faeilitated 
diffusion differ. 




3. Define osmosis, and explain the differenee between isotonie, hypotonie, 
and hypertonie solutions. 

4. Define filtration and discuss where it occurs in the body. 

5. Define vesicular transport, and deseribe phagoeytosis, pinoeytosis, reeeptor- 
mediated endoeytosis, and exocytosis. 

6. List the proeesses that account for the movement of substances aeross the 
plasma membrane and indieate the driving foree for eaeh. 

7. Name one substance that uses eaeh membrane transport proeess. 

8. Determine which way substances wi11 move passively through a seleetively 
permeable membrane when given appropriate information about their 
eoneentration gradients. 


PRE-LAB Q U I Z 

1. Circle the eorreet underlined term. A passive proeess, diffusion / osmosis is 
the movement of solute molecules from an area of greater eoneentration to 
an area of lesser eoneentration. 

2. A solution surrounding a eell is hypertonie if: 

a. it eontains fewer nonpenetrating solute partieles than the interior of 
the eell. 

b. it eontains more nonpenetrating solute partieles than the interior of 
the eell. 

e. it eontains the same amount of nonpenetrating solute partieles as the 
interior of the eell. 

3. Which of the following would require an input of energy? 

a. diffusion 

b. filtration 
e. osmosis 

d. vesicular transport 

4. Circle the eorreet underlined term. In pinoeytosis / phagoeytosis. parts of 
the plasma membrane and eytoplasm extend and engulf a relatively large 
or solid material. 

5. Circle the eorreet underlined term. In aetive / passive proeesses, the eell 
provides energy in the form of ATP to power the transport proeess. 
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Exercise 5 


(Materials list continued.) 

□ Hot plate and large beaker for hot 
water bath 

□ Benediet's solution in dropper bottle 

□ Silver nitrate (AgN0 3 ) in dropper bottle 

□ Test tubes in raek, test tube holder 

Experiment 1 

□ Deshelled eggs 

□ 400-ml beakers 

□ Wax marking peneil 

□ Distilled water 

□ 30% sucrose solution 

□ Laboratory balanee 

□ Paper towels 

□ Graph paper 

□ Weigh boat 

Experiment 2 

□ Clean mieroseope slides and eoverslips 

□ Medieine dropper 

□ Compound mieroseope 

□ Vials of animal (mammalian) blood 
obtained from a biologieal supply house 
or veterinarian—at option of instmetor 


□ Freshly prepared physiologieal 
(mammalian) saline solution in dropper 
bottle 

□ 5% sodium ehloride solution in 
dropper bottle 

□ Distilled water 

□ Filter paper 

□ Disposable gloves 

□ Basin and wash bottles eontaining 10% 
household bleaeh solution 

□ Disposable autoclave bag 

□ Paper towels 

Diffusion Demonstrations 

1. Diffusion of a dye through water 

Prepared the morning of the laboratory 
session with setup time noted. Potassium 
permanganate erystals are plaeed in a 1000- 
ml graduated eylinder, and distilled water is 
added slowly and with as little turbulence 
as possible to fill to the 1000-ml mark. 

2. Osmometer 

Just before the laboratory begins, the broad 
end of a thistle tube is elosed with a selee- 
tively permeable dialysis membrane, and the 


tube is secured to a ring stand. Molasses is 
added to approximately 5 em above the this- 
tle tube bulb, and the bulb is immersed in a 
beaker of distilled water. At the beginning 
of the lab session, the level of the molasses 
in the tube is marked with a wax peneil. 

Filtration 

□ Ring stand, ring, elamp 

□ Filter paper, funnel 

□ Solution eontaining a mixture of 
uncooked stareh, powdered ehareoal, 
and eopper sulfate (CuS0 4 ) 

□ 10-ml graduated eylinder 

□ 100-ml beaker 

□ Lugol's iodine in a dropper bottle 

Aetive Proeesses 

□ Video showing phagoeytosis 
(if available) 

□ Video viewing system 


Note to the Instructor: See direetions 
for handling wet moimt preparations and 
disposable supplies (page 33, Exercise 3.) 


PEx 


PhysioEx™ 9.1 Computer Simulation 
Ex.1 on p. PEx-3. 


B ecause of its molecular eomposition, the plasma mem- 

brane is seleetive about what passes through it. It 
allows nutrients to enter the eell but keeps out undesir- 
able substances. By the same token, valuable eell proteins 
and other substances are kept within the eell, and excreta 
or wastes pass to the exterior. This property is known as 
seleetive, or differential, permeability. Transport through 
the plasma membrane occurs in two basie ways. In passive 
proeesses, eoneentration or pressure differenees drive the 
movement. In aetive proeesses, the eell provides energy 
(ATP) to power the transport proeess. 

Passive Proeesses 

The two important passive proeesses of membrane transport 
are diffusion and filtration. Diffusion is an important transport 
proeess for every eell in the body. By eontrast, filtration usu- 
ally occurs only aeross eapillary walls. 

Molecules possess kinetie energy and are in eonstant 
motion. As molecules move about randomly at high speeds, 
they eollide and rieoehet off one another, ehanging diree- 
tion with eaeh eollision (Figure 5.1). The driving foree for 
diffusion is kinetie energy of the molecules themselves, and 
the speed of diffusion depends on molecular size and tem- 
perature. Smaller molecules move faster, and molecules move 
faster as temperature inereases. 

Diffusion 

When a eoneentration gradient (differenee in eoneentra- 
tion) exists, the net effeet of this random molecular movement 


o 



Figure 5.1 Random movement and numerous eollisions 
cause molecules to beeome evenly distributed. The small 
spheres represent vvater molecules; the large spheres 
represent glucose molecules. 
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is that the molecules eventually beeome evenly distributed 
throughout the environment. Diffusion is the movement of 
molecules from a region of their higher eoneentration to a 
region of their lower eoneentration. 

There are many examples of diffusion in nonliving sys- 
tems. For example, if a bottle of ether was uncorked at the 
front of the laboratory, very shortly thereafter you would be 
nodding as the ether molecules beeame distributed through- 
out the room. The ability to smell a friend’s eologne shortly 
after he or she has entered the room is another example. 

The diffusion of partieles into and out of eells is modi- 
fied by the plasma membrane, which constitutes a physieal 
barrier. In general, molecules diffuse passively through the 
plasma membrane if they ean dissolve in the lipid portion of 
the membrane, as C0 2 and 0 2 ean. The unassisted diffusion 
of solutes (dissolved substances) through a seleetively perme- 
able membrane is ealled simple diffusion. 

Certain molecules, for example glucose, are transported 
aeross the plasma membrane with the assistanee of a protein 
earrier molecule. The glucose binds to the earrier and is fer- 
ried aeross the membrane. Small ions eross the membrane 
by moving through water-filled protein ehannels. In both 
eases, the substances move by a passive transport proeess 
ealled faeilitated diffusion. As with simple diffusion, the 
substances move from an area of higher eoneentration to 
one of lower eoneentration, that is, down their eoneentra- 
tion gradients. 

Osmosis 

The flow of water aeross a seleetively permeable membrane 
is ealled osmosis. During osmosis, water moves down its 
eoneentration gradient. The eoneentration of water is in- 
versely related to the eoneentration of solutes. If the solutes 
ean diffuse aeross the membrane, both water and solutes 
will move down their eoneentration gradients through the 
membrane. If the partieles in solution are nonpenetrating 
solutes (prevented from erossing the membrane), water 
alone will move by osmosis and in doing so will cause 
ehanges in the volume of the eompartments on either side 
of the membrane. 

Diffusion of Dye Through Agar Gel and Water 

The relationship between molecular weight and the rate of 
diffusion ean be examined easily by observing the diffusion 
of two different types of dye molecules through an agar gel. 
The dyes used in this experiment are methylene blue, which 
has a molecular weight of 320 and is deep blue in eolor, 
and potassium permanganate, a purple dye with a molecular 
weight of 158. Although the agar gel appears quite solid, it is 
primarily (98.5%) water and allows free movement of the dye 
molecules through it. 


A C T I V I T Y 1 


Observing Diffusion of Dye 
Throiigh Agar Gel 

1. Work with members of your group to formulate a hy- 
pothesis about the rates of diffusion of methylene blue and 
potassium permanganate through the agar gel. Justify your 
hypothesis. 

2. Obtain a petri dish eontaining agar gel, a pieee of mil- 
limeter-mled graph paper, a wax marking peneil, dropper 
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Figure 5.2 Comparing diffusion rates. Agar-plated 
petri dish as it appears after the diffusion of 0.1 M 
methylene blue plaeed ín one well and 0.1 M potassium 
permanganate plaeed in another. 


bottles of methylene blue and potassium permanganate, and 
a medieine dropper. 

3. Using the wax marking peneil, draw a line on the bottom 
of the petri dish dividing it into two seetions. Plaee the petri 
dish on the rnled graph paper. 

4. Create a well in the eenter of eaeh seetion using the 
medieine dropper. To do this, squeeze the bulb of the medi- 
eine dropper, and push it down into the agar. Release the 
bulb as you slowly pull the dropper vertieally out of the agar. 
This should remove an agar plug, leaving a well in the agar. 
(See Figure 5.2a.) 

5. Carefully fill one well with the methylene blue solution 
and the other well with the potassium permanganate solution. 

Reeord the time._ 

6. At 15-minute intervals, measure the distanee the dye has 
diffused from eaeh well. Continue these observations for 
1 hour, and reeord the results in the Aetivity 1 ehart. 
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Exercise 5 


Aetivity 1: Dye Diffusion Results 


Time (min) 

Diffusion of 
methylene blue 
(mm) 

Diffusion of 
potassium 
permanganate 
(mm) 

15 



30 



45 



60 




Which dye dilliised more rapidly?_ 

What is the relationship between molecular weight and rate 
of molecular movement (diffusion)? 


Why did the dye molecules move? 


Compute the rate of diffusion of the potassium permanganate 
molecules in millimeters per minute (mm/min) and reeord. 

_mm/min 

Compute the rate of diffusion of the methylene blue mol- 
ecules in mm/min and reeord. 

_mm/min 

7. Prepare a lab report for these experiments. (See Getting 
Started, page xiv.) M 

Make a mental note to yourself to go to demonstration 
area 1 at the end of the laboratory session to observe the ex- 
tent of diffusion of the potassium permanganate dye through 
water. At that time, follow the direetions given next. 


AGTIVITY 2 


Observing Diffusion of Dye Through Water 

1. Go to diffusion demonstration area 1, and observe the eyl- 
inder eontaining dye erystals and water set up at the beginning 
of the lab. 

2. Measure the number of millimeters the dye has diffused 
from the bottom of the graduated eylinder and reeord. 

_mm 

3. Reeord the time the demonstration was set up and the time 
of your observation. Then compute the rate of the dye’s diffu- 
sion through water and reeord below. 

Time of setup_ 



Time of observation_ 

Rate of diffusion_mm/min 

4. Does the potassium permanganate dye diffuse more 
rapidly through water or the agar gel? Explain your answer. 



A C T I V I T Y 3 


Investigating Diffiision and Osmosis 
Through Nonliving Membranes 

The following experiment provides information on the move- 
ment of water and solutes through seleetively permeable 
membranes ealled dialysis saes. Dialysis saes have pores of a 
particular size. The seleetivity of living membranes depends 
on more than just pore size, but using the dialysis saes will 
allow you to examine seleetivity due to this faetor. 

1. Read through the experiments in this aetivity, and develop 
a hypothesis for eaeh part. 

2. Obtain four dialysis saes, a small funnel, a 25-ml gradu- 
ated eylinder, a wax marking peneil, fine twine or dialy- 
sis tubing elamps, and four beakers (250 ml). Number the 
beakers 1 to 4 with the wax marking peneil, and half fill all 
of them with distilled water except beaker 2, to which you 
should add 40% glucose solution. 

3. Prepare the dialysis saes one at a time. Using the fun- 
nel, half fill eaeh with 20 ml of the speeified liquid (see 
below). Press out the air, fold over the open end of the sae, 
and tie it securely with fine twine or elamp it. Before pro- 
eeeding to the next sae, rinse it under the tap, and quickly 
and carefully blot the sae dry by rolling it on a paper towel. 
Weigh it with a laboratory balanee. Reeord the weight in 
the Aetivity 3 data ehart (page 57), and then drop the sae 
into the eorresponding beaker. Be sure the sae is eompletely 
eovered by the beaker solution, adding more solution if 
neeessary. 

• Sae 1: 40% glucose solution 

• Sae 2: 40% glucose solution 

• Sae 3: 10% NaCl solution 

• Sae 4: Congo red dye in 40% sucrose solution 

Allow saes to remain undisturbed in the beakers for 1 hour. 
Use this time to continue with other experiments. 

4. After an hour, boil a beaker of water on the hot plate. Ob- 
tain the supplies you will need to determine your experimen- 
tal results: dropper bottles of Benediet’s solution and silver 
nitrate solution, a test tube raek, four test tubes, and a test tube 
holder. 

5. Quickly and gently blot sae 1 dry and weigh it. (Note: Do 
not squeeze the sae during the blotting proeess.) Reeord the 
weight in the data ehart. 

Was there any ehange in weight?_ 
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Aetivity 3: Experímental Data on Diffusion and Osmosis Through Nonliving Membranes 


Beaker 

Contents of sae 

Initial weight 

Final weight 

Weight 

ehange 

Tests— 
beaker fluid 

Tests— 
sae fluid 

Beaker 1 

Vi filled with 
distilled water 

Sae 1 # 20 ml 
of 40% glucose 
solution 




Benediet's 

test: 

Benediet's 

test: 

Beaker 2 

Vi filled with 
40% glucose 
solution 

Sae 2 # 20 ml 
of 40% glucose 
solution 






Beaker 3 

Vi filled with 
distilled water 

Sae 3 # 20 ml 
of 10% NaCI 
solution 




AgN0 3 test: 


Beaker 4 

Vi filled with 
distilled water 

Sae 4 # 20 ml 
of 40% sucrose 
solution eontaining 
Congo red dye 




Benediet's 

test: 



Conclusions: 


Plaee 5 ml of Benediet’s solution in eaeh of two test tubes. Put 
4 ml of the beaker fluid into one test tube and 4 ml of the sae 
fluid into the other. Mark the tubes for identifieation and then 
plaee them in a beaker eontaining boiling water. Boil 2 min- 
utes. Cool slowly. If a green, yellow, or rnsty red preeipitate 
forms, the test is positive, meaning that glucose is present. If 
the solution remains the original blue eolor, the test is nega- 
tive. Reeord results in the data ehart. 

Was glucose still present in the sae?_ 

Was glucose present in the beaker?_ 

Conclusions: 


6. Blot gently and weigh sae 2. Reeord the weight in the data 
ehart. 

Was there an inerease or deerease in weight?_ 

With 40% glucose in the sae and 40% glucose in the beaker, 
would you expect to see any net movement of water (osmosis) 
or of glucose molecules (simple diffusion)? 

_Why or why not?_ 


7. Blot gently and weigh sae 3. Reeord the weight in the 
data ehart. 

Was there any ehange in weight?_ 

Conclusions: 


Take a 5-ml sample of beaker 3 solution and put it in a elean 
test tube. Add a drop of silver nitrate (AgN0 3 ). The ap- 
pearanee of a white preeipitate or cloudiness indieates the 
presenee of silver ehloride (AgCl), which is formed by the 
reaetion of AgN0 3 with NaCl (sodium ehloride). Reeord 
results in the data ehart. 

Resiilts:_ 

Conclusions:_ 

8. Blot gently and weigh sae 4. Reeord the weight in the 
data ehart. 

Was there any ehange in weight?_ 

Did the beaker water turn pink?_ 

Conclusions: 


Take a 1-ml sample of beaker 4 solution and put the test tube 
in boiling water in a hot water bath. Add 5 drops of Benediet’s 
sohition to the tube and boil for 5 minutes. The presenee of 
glucose (one of the hydrolysis products of sucrose) in the test 
tube is indieated by the presenee of a green, yellow, or rnsty 
eolored preeipitate. 

Did sucrose diffuse from the sae into the water in the small 
beaker? 
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Exercise 5 


Conclusions: 


9. In which of the test situations did net osmosis occur? 


In which of the test situations did net simple diffusion occur? 


What conclusions ean you make about the relative size of 
glucose, sucrose, Congo red dye, NaCl, and water molecules? 


With what eell structure ean the dialysis sae be eompared? 


10. Prepare a lab report for the experiment. (See Getting 
Started, page xiv.) Be sure to include in your discussion the 
answers to the questions proposed in this aetivity. H 


AOTIVITY 4 


Observing Osmometer Results 

Before leaving the laboratory, observe demonstration 2, the os- 
mometer demonstration set up before the laboratory session to 
follow the movement of water through a membrane (osmosis). 
Measure the distanee the water column has moved during the 
laboratory period and reeord below. (The position of the menis- 
cus [the surface of the water column] in the thistle tube at the 
beginning of the laboratory period is marked with wax peneil.) 

Distanee the meniscus has moved:_mm 

Did net osmosis occur? Why or why not? 


A C T I V I T Y 5 


Investigating Diffusion and Osmosis 
Through Living Membranes 

To examine permeability properties of plasma membranes, 
conduct the following experiments. As you read through the 
experiments in this aetivity, develop a hypothesis for eaeh 
part. 

Experiment 1 

1. Obtain two deshelled eggs and two 400-ml beakers. Note 
that the relative eoneentration of solutes in deshelled eggs is 
about 14%. Number the beakers 1 and 2 with the wax mark- 
ing peneil. Half fill beaker 1 with distilled water and beaker 
2 with 30% sucrose. 

2. Carefully blot eaeh egg by rolling it gently on a paper 
towel. Plaee a weigh boat on a laboratory balanee and tare the 
balanee (that is, make sure the seale reads 0.0 with the weigh 
boat on the seale). Weigh egg 1 in the weigh boat, reeord the 
initial weight in the Aetivity 5 data ehart, and gently plaee 
it into beaker 1. Repeat for egg 2, plaeing it in beaker 2. 

3. After 20 minutes, remove egg 1 and gently blot it and 
weigh it. Reeord the weight, and replaee it into beaker 1. 
Repeat for egg 2, plaeing it into beaker 2. Repeat this proee- 
dure at 40 minutes and 60 minutes. 

4. Calculate the ehange in weight of eaeh egg at eaeh time 
period, and enter that number in the data ehart. Also calculate 
the pereent ehange in weight for eaeh time period and enter 
that number in the data ehart. 

How has the weight of eaeh egg ehanged? 

Egg 1 _ 

Egg 2 _ 

Make a graph of your data by plotting the pereent ehange in 
weight for eaeh egg versus time. 

How has the appearanee of eaeh egg ehanged? 

Egg 1 _ 

Egg 2 _ 


A solution surrounding a eell is hypertonie if it eontains more 
nonpenetrating solute partieles than the interior of the eell. 
Water moves from the interior of the eell into a surrounding 




Aetivity 5: Experiment 1 Data from Diffusion and Osmosis Through Living Membranes 


Time 

Egg 1 (in 
distilled H 2 0) 

Weight 

ehange 

% Change 

Egg 2 (in 30% 
sucrose) 

Weight 

ehange 

% Change 

Initial vveight (g) 







20 min. 







40 min. 







60 min. 
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(b) Hypertonie solutions 


Cells lose water by osmosis and 
shrink in a hypertonie solution 
(eontains a higher eoneentration 
of solutes than are present 

inside the eells). 



(e) Hypotonie solutions 


Cells take on water by osmosis 
until they beeome bloated and burst 
(lyse) in a hypotonie solution 
(eontains a lower eoneentration 
of solutes than are present in eells). 



Figure 5.3 lnfluence of isotonie, hypertonie, and hypotonie solutions 
on red blood eells. 


hypertonie solution by osmosis. A solution surrounding a 
eell is hypotonie if it eontains fewer nonpenetrating solute 
partieles than the interior of the eell. Water moves from a 
hypotonie solution into the eell by osmosis. In both eases, 
water moved down its eoneentration gradient. indieate in 
your conclusions whether distilled water was a hypotonie or 
hypertonie solution and whether 30% sucrose was hypotonie 
or hypertonie. 

Conclusions: 


Experiment 2 

Now you will conduct a mieroseopie study of red blood eells 
suspended in solutions of varying tonieities. The objeetive is 
to determine if these solutions have any effeet on eell shape 
by promoting net osmosis. 

1. The following supplies should be available at your labo- 
ratory beneh to conduct this experimental series: two elean 
slides and eoverslips, a vial of animal blood, a medieine 
dropper, physiologieal saline, 5% sodium ehloride solution, 
distilled water, filter paper, and disposable gloves. 

▲ Wear disposable gloves at all times when handling 

blood (steps 2-5). 

2. Plaee a very small drop of physiologieal saline on a slide. 
Using the medieine dropper, add a small drop of animal blood 


to the saline on the slide. Tilt the slide to mix, eover with a 
eoverslip, and immediately examine the preparation under 
the high-power lens. Notiee that the red blood eells retain 
their normal smooth diselike shape (see Figiire 5.3a). This is 
because the physiologieal saline is isotonie to the eells. That 
is, it eontains a eoneentration of nonpenetrating solutes (e.g., 
proteins and some ions) equal to that in the eells (same solute/ 
water eoneentration). Consequently, the eells neither gain nor 
lose water by osmosis. Set this slide aside. 

3. Prepare another wet mount of animal blood, but this time 
use 5% sodium ehloride (saline) solution as the suspending 
medium. Carefully observe the red blood eells under high 
power. What is happening to the normally smooth dise shape 
of the red blood eells? 


This crinkling-up proeess, ealled erenation, is due to the 
faet that the 5% sodium ehloride solution is hypertonie to the 
eytosol of the red blood eell. Under these circumstances, water 
leaves the eells by osmosis. Compare your observations to the 
figure above (Figure 5.3b). 

4. Add a drop of distilled water to the edge of the eoverslip. 
Fold a pieee of filter paper in half and plaee its folded edge 
at the opposite edge of the eoverslip; it will absorb the saline 
solution and draw the distilled water aeross the eells. Watch 
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Exercise 5 


the red blood eells as they float aeross the field. Deseribe the 
ehange in their appearanee. 


Distilled water eontains no solutes (it is 100% water). Dis- 
tilled water and very dilute solutions (that is, those eontaining 
less than 0.9% nonpenetrating solutes) are hypotonie to the 
eell. In a hypotonie solution, the red blood eells first U plump 
up” (Figure 5.3c), but then they suddenly start to disappear. 
The red blood eells burst as the water floods into them, leav- 
ing “ghosts” in their wake—a phenomenon ealled hemolysis. 

| 5. Plaee the blood-soiled slides and test tube in the 

* bleaeh-eontaining basin. Put the eoverslips you used 
into the disposable autoclave bag. Obtain a wash (squirt) 
bottle eontaining 10% bleaeh solution, and squirt the bleaeh 
liberally over the beneh area where blood was handled. Wipe 
the beneh down with a paper towel wet with the bleaeh solu- 
tion and allow it to dry before continuing. Remove gloves, 
and diseard in the autoclave bag. 

6. Prepare a lab report for experiments 1 and 2. (See Get- 
ting Started, page xiv.) Be sure to include in the discussion 
answers to the questions proposed in this aetivity. H 

Filtration 

Filtration is a passive proeess in which water and solutes are 
foreed through a membrane by hydrostatie (fluid) pressure. 
For example, fluids and solutes filter out of the eapillaries 
in the kidneys and into the kidney tubules because the blood 
pressure in the eapillaries is greater than the fluid pressure in 
the tubules. Filtration is not seleetive. The amount of filtrate 
(fhiids and solutes) formed depends almost entirely on the 
pressure gradient (differenee in pressure on the two sides of 
the membrane) and on the size of the membrane pores. 


ACTI VITY 6 


Observing the Proeess of Filtration 

1. Obtain the following equipment: a ring stand, ring, and 
ring elamp; a funnel; a pieee of filter paper; a beaker; a 10-ml 
graduated eylinder; a solution eontaining uncooked stareh, 
powdered ehareoal, and eopper sulfate; and a dropper bottle 
of Lugol’s iodine. Attaeh the ring to the ring stand with the 
elamp. 

2. Fold the filter paper in half twice, open it into a eone, and 
plaee it in a funnel. Plaee the funnel in the ring of the ring 
stand and plaee a beaker under the funnel. Shake the stareh 
solution, and fill the funnel with it to just below the top of 
the filter paper. When the steady stream of filtrate ehanges to 
countable filtrate drops, count the number of drops formed in 
10 seeonds and reeord. 

_drops 

When the funnel is half empty, again count the number of 
drops formed in 10 seeonds and reeord the count. 

_drops 


3. After all the fluid has passed through the filter, eheek the 
filtrate and paper to see which materials were retained by the 
paper. If the filtrate is blue, the eopper sulfate passed. Check 
both the paper and filtrate for blaek partieles to see whether 
the ehareoal passed. Finally, using a 10-ml graduated eylin- 
der, put a 2-ml filtrate sample into a test tube. Add several 
drops of Lugol’s iodine. If the sample turns blue/black when 
iodine is added, stareh is present in the filtrate. 

Passed:_ 

Retained:_ 

What does the filter paper represent?_ 

During which counting interval was the filtration rate 

greatest?_ 

Explain:_ 


What eharaeteristie of the three solutes determined whether 
or not they passed through the filter paper? 


Aetive Proeesses 

Whenever a eell uses the bond energy of ATP to move sub- 
stanees aeross its boundaries, the proeess is an aetive proeess. 
Substances moved by aetive means are generally unable to 
pass by diffusion. They may not be lipid soluble; they may be 
too large to pass through the membrane ehannels; or they may 
have to move against rather than with a eoneentration gradi- 
ent. There are two types of aetive proeesses: aetive transport 
and vesicular transport. 

Aetive Transport 

Like earrier-mediated faeilitated diffusion, aetive transport 
requires earrier proteins that eombine speeifieally with the 
transported substance. Aetive transport may be primary, 
driven direetly by hydrolysis of ATP, or seeondary, driven 
indireetly by energy stored in ionie gradients. In most eases 
the substances move against eoneentration or eleetroehemi- 
eal gradients or both. Some of the substances that are moved 
into the eells by such earriers are amino aeids and some sug- 
ars. Both solutes are insoluble in lipid and too large to pass 
through membrane ehannels but are neeessary for eell life. 
Sodium ions (Na + ) are ejeeted from eells by aetive transport. 
Aetive transport is difficult to study in an A&P laboratory and 
will not be eonsidered further here. 

Vesicular Transport 

In vesicular transport, fluids eontaining large partieles 
and macromolecules are transported aeross cellular mem- 
branes inside membranous saes ealled vesieles. Like aetive 
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Reeeptors 



Phagosome 










Vesiele 



(a) Phagoeytosis 


(b) Pinoeytosis 


(e) Reeeptor-mediated endoeytosis 


Figure 5.4 Three types of endoeytosis. (a) In phagoeytosis, cellular extensions flow 
around the external partiele and enelose it within a phagosome. (b) In pinoeytosis, 
fluid and dissolved solutes enter the eell in a tiny vesiele. (e) In reeeptor-mediated 
endoeytosis, speeifie substances attaeh to cell-surface reeeptors and enter the eell in 
protein-eoated vesieles. 


transport, vesicular transport moves substances into the 
eell (endoeytosis) and out of the eell (exocytosis). Vesicu- 
lar transport ean eombine endoeytosis and exocytosis by 
moving substances into, aeross, and out of eells as well as 
moving substances from one area or membranous organ- 
elle to another. Vesicular transport requires energy, usually 
in the form of ATP, and all forms of vesicular transport 
involve protein-eoated vesieles to some extent. 

There are three types of endoeytosis: phagoeytosis, pi- 
noeytosis, and reeeptor-mediated endoeytosis. In phagoey- 
tosis (“eell eating”), the eell engulfs some relatively large 
or solid material such as a clump of baeteria, eell debris, or 
inanimate partieles (Figure 5.4a). When a partiele binds 
to reeeptors on the eell’s surface, eytoplasmie extensions 
ealled pseudopods form and flow around the partiele. This 
produces an endoeytotie vesiele ealled a phagosome. In 
most eases, the phagosome then fuses with a lysosome and 
its eontents are digested. Indigestible eontents are ejeeted 
from the eell by exocytosis. In the human body, only maero- 
phages and eertain other white blood eells perform phagoey- 
tosis. These eells help proteet the body from disease-causing 
mieroorganisms and eaneer eells. 

In pinoeytosis (“eell drinking”), also ealled fluid-phase 
endoeytosis, the eell “gulps” a drop of extracellular fluid eon- 
taining dissolved molecules (Figure 5.4b). Sinee no reeeptors 
are involved, the proeess is nonspeeifie. Unlike phagoeytosis, 
pinoeytosis is a routine aetivity of most eells, affording them 
a way of sampling the extracellular fluid. It is particularly 
important in eells that absorb nutrients, such as eells that line 
the intestines. 

The main meehanism for speeifie endoeytosis of most 
macromolecules is reeeptor-mediated endoeytosis (Figure 
5.4c). The reeeptors for this proeess are plasma membrane 


proteins that bind only eertain substances. This exquisitely 
seleetive meehanism allows eells to eoneentrate material that 
is present only in small amounts in the extracellular fluid. 
The ingested vesiele may fuse with a lysosome that either 
digests or releases its eontents, or it may be transported aeross 
the eell to release its eontents by exocytosis. The latter ease 
is eommon in endothelial eells lining blood vessels because 
it provides a quick means to get substances from blood to 
extracellular fluid. Substances taken up by reeeptor-mediated 
endoeytosis include enzymes, insulin and some other hor- 
mones, eholesterol (attaehed to a transport protein), and iron. 
Unfortunately, flu vimses, diphtheria, and eholera toxins also 
enter eells by this route. 

Exocytosis is a vesicular transport proeess that ejeets 
substances from the eell into the extracellular fluid. The 
substance to be removed from the eell is first enelosed 
in a protein-eoated vesiele ealled a seeretory vesiele. In 
most eases the vesiele migrates to the plasma membrane, 
fuses with it, and then ruptures, spilling its eontents out 
of the eell. Exocytosis is used for hormone seeretion, 
neurotransmitter release, mucus seeretion, and ejeetion 
of wastes. 


AOTIVITY 7 


Observing Phagoeytosis 

Go to the video viewing area and watch the video demonstra- 
tion of phagoeytosis (if available). M 

Note: If you have not already done so, eomplete Aetivity 2 
(“Observing Diffusion of Dye Through Water,” page 56), 
and Aetivity 4 (“Observing Osmometer Results,” page 58). 
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Exercise 5 


GROUP GHALLENGE 


Compare and Contrast Membrane 
Transport Proeesses 

For eaeh pair of membrane transport proeesses listed in the Group Challenge 
ehart, deseribe ways in which they are similar and ways in which they differ. 



Group ehallenge: Membrane Transport Comparison 

Membrane transport proeesses 

Similarities 

Differenees 

Simple diffusion 

Osmosis 



Simple diffusion 

Faei 1 stated diffusion 



Aetive transport 

Faeilitated diffusion 



Filtration 

Osmosis 



Pinoeytosis 

Reeeptor-mediated endoeytosis 
















Name_ 

Lab Time/Date 



Choose all answers that apply to questions 1 and 2, and plaee their letters on the response blanks to the right. 

1. Molecular motion_ 

a. refleets the kinetie energy of molecules e. is ordered and predietable 

b. refleets the potential energy of molecules d. is random and erratie 






Veloeity of moleeiilar movement_. 

a. is higher in larger molecules d. deereases with inereasing temperature 

b. is lower in larger molecules e. refleets kinetie energy 

e. inereases with inereasing temperature 

Summarize the results of Aetivity 3, diffusion and osmosis through nonliving membranes, below. List and explain your 
observations relative to tests used to identify diffusing substances, and ehanges in sae weight observed. 




Sae 1 eontaining 40% glucose, suspended in distilled water 


Sae 2 eontaining 40% glucose, suspended in 40% glucose 


Sae 3 eontaining 10% NaCl, suspended in distilled water 


Sae 4 eontaining 40% sucrose and Congo red dye, suspended in distilled water 


4. What single eharaeteristie of the seleetively permeable membranes used in the laboratory determines the substances that ean 

pass through them?_ 

In addition to this eharaeteristie, what other faetors influence the passage of substances through living membranes? 
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Revievv Sheet 5 


5. A semipermeable sae eontaining 4% NaCl, 9% glucose, and 10% albumin is suspended in a solution with the following 
eomposition: 10% NaCl, 10% glucose, and 40% albumin. Assume that the sae is permeable to all substances except albumin. 
State whether eaeh of the following will (a) move into the sae, (b) move out of the sae, or (e) not move. 

glucose:- albumin:- 

water:- NaCl:- 

6. Summarize the results of Aetivity 5, Experiment 1 (diffusion and osmosis through living membranes—the egg), below. List 
and explain your observations. 

Egg 1 in distilled water:- 


Egg 2 in 30% sucrose: 


7. The diagrams below represent three mieroseope fields eontaining red blood eells. Arrows show the direetion of net osmosis. 

Which field eontains a hypertonie solution?_The eells in this field are said to be_. Which field 

eontains an isotonie bathing solution?_Which field eontains a hypotonie solution?_What is 

happening to the eells in this field?- 






8. Assume you are conducting the experiment illustrated in the next figure. Both hydroehlorie aeid (HC1) with a molecular 
weight of about 36.5 and ammonium hydroxide (NH 4 OH) with a molecular weight of 35 are volatile and easily enter the 
gaseous state. When they meet, the following reaetion will occur: 

HC1 + NH 4 OH -> H 2 0 + NH 4 C1 

Ammonium ehloride (NH 4 C1) will be deposited on the glass tubing as a smoky preeipitate where the two gases meet. Prediet 
which gas will diffuse more quickly and indieate to which end of the tube the smoky preeipitate will be eloser. 

a. The faster-diffusing gas is_ 

b. The preeipitate forms eloser to the_end. 


Rubber stopper 


Cotton wad with HCI 



Cotton wad with NH 4 OH 




Support 
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9. What determines whether a transport proeess is aetive or passive? 


10 . eharaeterize membrane transport as fully as possible by ehoosing all the phrases that apply and inserting their letters on the 
answer blanks. 

Passive proeesses:_Aetive proeesses:_ 

a. account for the movement of fats and respiratory gases through the plasma membrane 

b. explain solute pumping, phagoeytosis, and pinoeytosis 
e. include osmosis, simple diffusion, and filtration 

d. may occur against eoneentration and/or eleetrieal gradients 

e. use hydrostatie pressure or molecular energy as the driving foree 

f. move ions, amino aeids, and some sugars aeross the plasma membrane 

11. For the osmometer demonstration (Aetivity 4), explain why the level of the water column rose during the laboratory session. 


12. Define the following terms. 
seleetive permeability: - 


dijfnsion: 


simple diffnsion: 


faeilitated diffnsion: 


osmosis: 


filtration: 


vesicular transport: 


endoeytosis: 


exocytosis: 
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Gassifieation of Tissiies 


MATERIALS 

□ Compound mieroseope 

□ Immersion oil 

□ Prepared slides of simple squamous, 
simple cuboidal, simple columnar, 
stratified squamous (nonkeratinized), 
stratified cuboidal, stratified columnar, 
pseudostratified eiliated columnar, and 
transitional epithelium 

□ Prepared slides of mesenehyme; of 
adipose, areolar, reticular, and dense 
(both regular and irregular eonneetive 
tissues); of hyaline and elastie eartilage; 
of fibroeartilage; of bone (x.s.); and of 
blood 

□ Prepared slide of nervous tissue (spinal 
eord smear) 

□ Prepared slides of skeletal, eardiae, and 
smooth rrmsele (l.s.) 

□ Envelopes eontaining index eards vvith 
eolor photomierographs of tissues 


MasteringA&P 8 For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you vvill find: 

• Praetiee Anatomy Lab PÁL 




• PhysioEx 


PEx 


• A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



OBJEGTIVES 


ui 

u 


1. Name the four primary tissue types in the human body and state a 
general function of eaeh. 

2. Name the major subcategories of the primary tissue types and identify 
the tissues of eaeh subcategory mieroseopieally or in an appropriate 
image. 

3. State the loeations of the various tissues in the body. 

4. List the general function and structural eharaeteristies of eaeh of the 
tissues studied. 




PRE-LAB Q U I Z 

1. Groups of eells that are anatomieally similar and share a function are ealled: 

a. organ systems e. organs 

b. organisms d. tissues 

2. Hovv many primary tissue types are found in the human body? 


3. Circle True or False. Endoerine and exocrine glands are elassified as 
epithelium because they usually develop from epithelial membranes. 

4. Epithelial tissues ean be elassified aeeording to eell shape_ 

epithelial eells are sealelike and flattened. 

a. Columnar e. Squamous 

b. Cuboidal d. Transitional 

5. All eonneetive tissue is derived from an embryonie tissue knovvn as: 

a. eartilage e. mesenehyme 

b. ground substance d. reticular 

6. All the follovving are examples of eonneetive tissue except: 

a. bones e. neurons 

b. ligaments d. tendons 

7. Circle True or False. Blood is a type of eonneetive tissue. 

8. Circle the eorreet underlined term. Of the tvvo major eell types found in 
nervous tissue, neurons / neuroglial eells are highly speeialized to generate 
and conduct eleetrieal signals. 

9. Hovv many basie types of muscle tissue are there?_ 

10. This type of rrmsele tissue is found in the vvalls of hollovv organs. It has no 
striations, and its eells are spindle shaped. It is: 

a. eardiae rrmsele 

b. skeletal muscle 
e. smooth muscle 
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Exercise 6 


C ells are the building bloeks of life and the all-inclusive 

functional units of unicellular organisms. However, 
in higher organisms, eells do not usually operate as 
isolated, independent entities. In humans and other multicel- 
lular organisms, eells depend on one another and eooperate to 
maintain homeostasis in the body. 

With a few exceptions, even the most complex animal 
starts out as a single eell, the fertilized egg, which divides 
almost endlessly. The trillions of eells that result beeome 
speeialized for a particular function; some beeome sup- 
portive bone, others the transparent lens of the eye, still 
others skin eells, and so on. Thus a division of labor 
exists, with eertain groups of eells highly speeialized to 
perform functions that benefit the organism as a whole. 
Cell speeialization earries with it eertain hazards, because 
when a small speeifie group of eells is indispensable, any 
inability to function on its part ean paralyze or destroy the 
entire body. 

Groups of eells that are similar in structure and function 
are ealled tissues. The four primary tissue types—epithelium, 
eonneetive tissue, nervous tissue, and muscle—have distine- 
tive structures, patterns, and functions. The four primary 
tissues are further divided into subcategories, as deseribed 
shortly. 

To perform speeifie body functions, the tissues are 
organized into organs such as the heart, kidneys, and 
lungs. Most organs eontain several representatives of the 
primary tissues, and the arrangement of these tissues deter- 
mines the organ’s structure and function. Thus histology, 
the study of tissues, eomplements a study of gross anatomy 
and provides the structural basis for a study of organ 
physiology. 

The main objeetive of this exercise is to familiarize you 
with the major similarities and differenees of the primary 
tissues, so that when the tissue eomposition of an organ is 
deseribed, you will be able to more easily understand (and 
perhaps even prediet) the organ’s major function. Because 
epithelial tissue and some types of eonneetive tissue will 
not be eonsidered again, they are emphasized more than 
muscle, nervous tissue, and bone (a eonneetive tissue) in 
this exercise. 


Epithelial Tissiie 


Epithelial tissue, or an epithelium, is a sheet of eells that 
eovers a body surface or lines a body eavity. It occurs in 
the body as (1) eovering and lining epithelium and (2) glan- 
dular epithelium. Covering and lining epithelium forms 
the outer layer of the skin and lines body eavities that 
open to the outside. It eovers the walls and organs of the 
elosed ventral body eavity. Sinee glands almost invariably 
develop from epithelial sheets, glands are also elassed as 
epithelium. 

Epithelial functions include proteetion, absorption, 
filtration, excretion, seeretion, and sensory reeeption. 
For example, the epithelium eovering the body surface 
proteets against baeterial invasion and ehemieal damage; 
that lining the respiratory traet is eiliated to sweep dust 
and other foreign partieles away from the lungs. Epithe- 
lium speeialized to absorb substances lines the stomaeh 
and small intestine. In the kidney tubules, the epithelium 


Apieal siirfaee 



Basal surface 


Simple 


Apieal surface 



Basal surface 


Stratified 


(a) 




Squamous 




Cuboidal 




Columnar 


(b) 

Figure 6.1 Gassifieation of epithelia. (a) Gassifieation 
based on number of eell layers. (b) Gassifieation based 
on eell shape. For eaeh eategory, a whole eell is shown on 
the left and a longitudinal seetion is shown on the right. 


absorbs, seeretes, and filters. Seeretion is a speeialty of 
the glands. 

The following eharaeteristies distinguish epithelial tis- 
sues from other types: 

• Polarity. The membranes always have one free surface, 
ealled the apieal surface, and typieally that surface is signifi- 
eantly different from the basal surface. 
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• Speeialized eontaets. Cells fit elosely together to form 
membranes, or sheets of eells, and are bound together by 
speeialized junctions. 

• Supported by eonneetive tissue. The eells are attaehed to 
and supported by an adhesive basement membrane, which 
is an amorphous material seereted partly by the epithelial 
eells (basal lamina) and eonneetive tissue eells (reticular 
lamina) that lie next to eaeh other. 

• Avascular but innervated. Epithelial tissues are supplied 
by nerves but have no blood supply of their own (are avas- 
cular). Instead they depend on diffusion of nutrients from the 
underlying eonneetive tissue. Glandular epithelia, however, 
are very vascular. 

• Regeneration. If well nourished, epithelial eells ean eas- 
ily divide to regenerate the tissue. This is an important ehar- 
aeteristie because many epithelia are subjected to a good deal 
of frietion. 

The eovering and lining epithelia are elassified aeeord- 
ing to two eriteria—arrangement or relative number of layers 
and eell shape (Figure 6.1). On the basis of arrangement, 
there are simple epithelia, eonsisting of one layer of eells 
attaehed to the basement membrane, and stratified epithe- 
lia, eonsisting of two or more layers of eells. The general 
types based on shape are squamous (sealelike), cuboidal 
(cubelike), and columnar (column-shaped) epithelial eells. 
The terms denoting shape and arrangement of the epithelial 
eells are eombined to deseribe the epithelium fully. Strati- 
fied epithelia are named aeeording to the eells at the apieal 
surface ofthe epithelial sheet, not those resting on the base- 
ment membrane. 

There are, in addition, two less easily eategorized types 
of epithelia. Pseudostratified epithelium is actually a sim- 
ple eokimnar epithelium (one layer of eells), but because 
its eells vary in height and the nuclei lie at different levels 
above the basement membrane, it gives the false appearanee 
of being stratified. This epithelium is often eiliated. Tran- 
sitional epithelium is a rather peculiar stratified squamous 
epithelium formed of rounded, or “plump,” eells with the 
ability to slide over one another to allow the organ to be 
stretehed. Transitional epithelium is found only in urinary 
system organs subjected to periodie distension, such as the 
bladder. The superficial eells are flattened (like true squa- 
mous eells) when the organ is distended and rounded when 
the organ is empty. 

Epithelial eells forming glands are highly speeialized 
to remove materials from the blood and to manufacture 
them into new materials, which they then seerete. There are 
two types of glands, endoerine and exocrine (Figure 6.2). 
Endoerine glands lose their surface eonneetion (duct) as 
they develop; thus they are referred to as ductless glands. 
They seerete hormones into the extracellular fluid, and from 
there the hormones enter the blood or the lymphatie vessels 
that weave through the glands. Exocrine glands retain their 
ducts, and their seeretions empty through these ducts either 
to the body surface or into body eavities. The exocrine glands 
include the sweat and oil glands, liver, and panereas. Glands 
are discussed with the organ systems to which their products 
are functionally related. 

The most eommon types of epithelia, their eharaeteristie 
loeations in the body, and their functions are deseribed in the 
aeeompanying illustrations (Figure 6.3). 



Epithelium 




Cord of 
invaginating 
epithelial eells 



Lumen of gland 


Seeretory eells 


(e) Exocrine gland 



Area of 
atrophied duct 


Oapillaries 


Seeretory eells 


(d) Endoerine gland 


Figure 6.2 Formation of endoerine and exocrine glands 
from epithelial sheets. (a) Epithelial eells grow and push 
into the underlying tissue. (b) A eord of epithelial eells 
forms. (e) In an exocrine gland # a lumen (eavity) forms. 
The inner eells form the duct f the outer eells produce 
the seeretion. (d) In a forming endoerine gland, the 
eonneeting duct eells atrophy, leaving the seeretory eells 
with no eonneetion to the epithelial surface. However # 
they do beeome heavily invested with blood and 
lymphatie vessels that reeeive the seeretions. 


(Text eontiniies on page 74.) 
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Exercise 6 


(a) Simple squamous epithelium 


Deseription: Single layer of flattened eells 
with dise-shaped eentral nuclei and sparse 
eytoplasm; the simplest of the epithelia. 



Fiinetion: Allows materials to pass by 
diffusion and filtration in sites where proteetion 
is not important; seeretes lubricating 
substances in serosae. 


Loeation: Kidney glomeruli; air saes of lungs; 
lining of heart, blood vessels, and lymphatie 
vessels; lining of ventral body eavity (serosae) 



Photomierograph: Simple squamous epithelium 
forming part of the alveolar (air sae) walls (140x). 



Air saes of 
lung tissue 


Nuclei 

of squamous 

epithelial 

eells 




(b) Simple cuboidal epithelium 



Deseription: Single layer of cubelike eells 
with large, spherieal eentral nuclei. 



Function: Seeretion and absorption. 


Loeation: Kidney tubules; ducts and seeretory 
portions of small glands; ovary surface. 




Photomierograph: Simple cuboidal epithelium 
in kidney tubules (430x). 


Simple 

cuboidal 

epithelial 

eells 


Basement 

membrane 


Connective 

tissue 


Figure 6.3 Epithelial tissues. Simple epithelia (a and b). 
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(e) Simple columnar epitheliiim 


Deseription: Single layer of tall eells with 
round to oval nuclei; some eells bear eilia; 
layer may eontain mucus-secreting 
unicellular glands (goblet eells). 



Function: Absorption; seeretion of mucus, 
enzymes, and other substances; eiliated type 
propels mucus (or reproductive eells) by 
eiliary aetion. 

Loeation: Noneiliated type lines most of 
the digestive traet (stomaeh to rectum), 
gallbladder, and excretory ducts of some 
glands; eiliated variety lines small bronehi, 
uterine tubes, and some regions of the uterus. 




Goblet eells 


Mucus 

seeretion 


Mierovilli 
(brush border) 


Photomierograph: Simple columnar epithelium eontaining 
goblet eells from the small intestine (640x). 


(d) Pseudostratified columnar epithelium 


Deseription: Single layer of eells of differing 
heights, some not reaehing the free surface; 
nuclei seen at different levels; may eontain 
mucus-secreting goblet eells and bear eilia. 



m- e w 

m €\ ft' 



i 


Function: Seeretes substances, particularly 
mucus; propulsion of mucus by eiliary aetion. 


Loeation: Noneiliated type in male’s 
sperm-earrying ducts and ducts of large 
glands; eiliated variety lines the traehea, most 
of the upper respiratory traet. 


T raehea 




Photomierograph: Pseudostratified eiliated 
columnar epithelium lining the human traehea (530x) 


Mucus of 
goblet eell 


Cilia 


Pseudo- 

stratified 

epithelial 

layer 


Basement 

membrane 


Figure 6.3 (continued) Simple epithelia (e and d). 
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Exercise 6 


(e) Stratified squamous epithelium 


Deseription: Thiek membrane eomposed of 
several eell layers; basal eells are cuboidal or 
columnar and metabolieally aetive; surface 
eells are flattened (squamous); in the 
keratinized type, the surface eells are full of 
keratin and dead; basal eells are aetive in 
mitosis and produce the eells of the more 
superficial layers. 




Function: Proteets underlying tissues in 
areas subjected to abrasion. 

Loeation: Nonkeratinized type forms the 
moist linings of the esophagus, mouth, and 
vagina; keratinized variety forms the 
epidermis of the skin, a dry membrane. 



Stratified 

squamous 

epithelium 


Nuclei 

Basement 

membrane 


Connective 

tissue 


Photomierograph: Stratified squamous epithelium 
lining the esophagus ( 280 x). 




(f) Stratified cuboidal epithelium 



Deseription: Generally two 
layers of cubelike eells. 



Function: Proteetion 


Loeation: Largest ducts of sweat glands, 
mammary glands, and salivary glands. 




Basement 

membrane 


Cuboidal 

epithelial 

eells 


Duct 

lumen 


Photomierograph: Stratified cuboidal epithelium forming 
a salivary gland duct ( 290 x). 


Figure 6.3 (continued) Epithelial tissues. Stratified epithelia (e and f). 
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(g) Stratified columnar epithelium 


Deseription: Several eell layers; 
basal eells usually cuboidal; 
superficial eells elongated 
and columnar. 



Function: Proteetion; seeretion. 


Loeation: Rare in the body; small 
amounts in male urethra and in large ducts 
of some glands. 


Llrethra 




Photomierograph: Stratified columnar epithelium 
lining of the male urethra (290x). 


Basement 

membrane 


Stratified 

columnar 

epithelium 


Connective 

tissue 




(h) Transitional epithelium 



Deseription: Resembles both stratified 
squamous and stratified cuboidal; basal eells 
cuboidal or columnar; surface eells dome 
shaped or squamouslike, depending on 
degree of organ streteh. 



i** 


* ■ 
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Function: Stretehes readily and permits 
distension of urinary organ by eontained urine 


Loeation: Lines the ureters, urinary bladder, 
and part of the urethra. 



% 




» 




*«. 









Photomierograph: Transitional epithelium lining the urinary 
bladder, relaxed state (365x); note the bulbous, or rounded, 
appearanee of the eells at the surface; these eells flatten and 
beeome elongated when the bladder is filled with urine. 


Transitional 

epithelium 


Basement 

membrane 

Connective 

tissue 


Figure 6.3 (continued) Stratified epithelia (g and h). 
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Exercise 6 


Cell types 


Maerophage 


Fibroblast — 

Lymphoeyte 


Fat eell - 

Mast eell 


Neutrophil 



Extracellular 

matrix 

Ground substance 
Fibers 

• Collagen fiber 

• Elastie fiber 

• Reticular fiber 


Capillary 


Figure 6.4 Areolar eonneetive tissue: A prototype (model) eonneetive tissue. This 
tissue underlies epithelia and surrounds eapillaries. Note the various eell types and 
the three elasses of fibers (eollagen, retieolar, elastie) embedded in the ground 
substance. 


A C T I V I T Y 1 


Examining Epithelial Tissue Under the 
Mieroseope 

Obtain slides of simple squamous, simple cuboidal, simple 
columnar, stratified squamous (nonkeratinized), pseudostrati- 
fied eiliated columnar, stratified cuboidal, stratified colum- 
nar, and transitional epithelia. Examine eaeh carefully, and 
notiee how the epithelial eells fit elosely together to form 
intaet sheets of eells, a neeessity for a tissue that forms linings 
or eovering membranes. Sean eaeh epithelial type for modi- 
fieations for speeifie functions, such as eilia (motile eell pro- 
jeetions that help to move substances along the eell surface), 
and mierovilli, which inerease the surface area for absorp- 
tion. Also be alert for goblet eells, which seerete lubricating 
mucus. Compare your observations with the deseriptions and 
photomierographs (Figure 6.3.) 

While working, eheek the questions in the review sheet 
at the end of this exercise. A number of the questions there 
refer to some of the observations you are asked to make dur- 
ing your mieroseopie study. H 


GROUP GHALLENGE 1 


Identifying Epithelial Tissues 

Following your observations of epithelial tissues under 
the mieroseope, obtain an envelope for eaeh group that 
eontains images of various epithelial tissues. With your lab 
manual elosed, remove one image at a time and identify 
the epithelium. One member of the group shall function as 
the verifier whose job it is to make sure that the identifiea- 
tion is eorreet. 

Remove the seeond image and repeat the proeess. 
After you have eorreetly identified all of the images, sort 
them into groups to help you remember them. (Hint: You 
could sort them aeeording to eell shape, or number of lay- 
ers of epithelial eells.) 

Now, carefully go through eaeh group and try to list 
one plaee in the body where the tissue is found, and one 
function for it. After you have eorreetly listed the loea- 
tions, take your lists and draw some general conclusions 
about where epithelial tissues are found in the body. Then 
eompare and eontrast the functions of the various epithe- 
lia. Finally, identify the tissues deseribed in the Group 
Challenge 1 ehart and list several loeations in the body. 
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Group ehallenge 1: Epithelial Tissue IDs 

Magnified appearanee 

Tissue type 

Loeations in the body 

• Apieal surface has dome-shaped eells (flattened eells 
may also be mixed in) 

• Multiple layers of eells are present 



• Cells are mostly columnar 

• Not all eells reaeh the apieal surface 

• Nuclei are loeated at different levels 

• Cilia are loeated at the apieal surface 



• Apieal surface has flattened eells with very little 
eytoplasm 

• Cells are not layered 



• Apieal surface has square eells with a round nucleus 

• Cells are not layered 





Connective Tissue 

Connective tissue is found in all parts of the body as diserete 
structures or as part of various body organs. It is the most 
abundant and widely distributed of the tissue types. 

Connective tissues perform a variety of functions, but 
they primarily proteet, support, and bind together other tis- 
sues of the body. For example, bones are eomposed of eon- 
neetive tissue (bone, or osseous tissue), and they proteet and 
support other body tissues and organs. The ligaments and 
tendons (dense eonneetive tissue) bind the bones together or 
bind skeletal muscles to bones. 

Areolar eonneetive tissue (Figure 6.4) is a soft paekag- 
ing material that cushions and proteets body organs. Adipose 
(fat) tissue provides insulation for the body tissues and a 
source of stored food. Blood-forming (hematopoietie) tissue 
replenishes the body’s supply of red blood eells. Connective 
tissue also serves a vital function in the repair of all body tis- 
sues, sinee many wounds are repaired by eonneetive tissue in 
the form of sear tissue. 

The eharaeteristies of eonneetive tissue include the 
following: 

• With a few exceptions (eartilages, tendons, and liga- 
ments, which are poorly vascularized), eonneetive tissues 
have a rieh supply of blood vessels. 

• Connective tissues are eomposed of many types of eells. 

• There is a great deal of noncellular, nonliving material 
(matrix) between the eells of eonneetive tissue. 

The nonliving material between the eells—the extracellular 
matrix —deserves a bit more explanation because it distin- 
guishes eonneetive tissue from all other tissues. It is pro- 
duced by the eells and then extruded. The matrix is primarily 
responsible for the strength assoeiated with eonneetive tis- 
sue, but there is variation. At one extreme, adipose tissue is 
eomposed mostly of eells. At the opposite extreme, bone and 
eartilage have few eells and large amounts of matrix. 

The matrix has two eomponents—ground substance 
and fibers. The ground substance is eomposed ehiefly of 


interstitial fluid, eell adhesion proteins, and proteoglyeans. 
Depending on its speeifie eomposition, the ground substance 
may be liquid, semisolid, gel-like, or very hard. When the 
matrix is firm, as in eartilage and bone, the eonneetive tissue 
eells reside in eavities in the matrix ealled laeimae. The fibers, 
which provide support, include eollagen (white) fibers, 
elastie (yellow) fibers, and reticular (fine eollagen) fibers. 
Of these, the eollagen fibers are most abundant. 

Generally speaking, the ground substance fiinetions as 
a molecular sieve, or medium, through which nutrients and 
other dissolved substances ean diffuse between the blood 
eapillaries and the eells. The fibers in the matrix hinder dif- 
fusion somewhat and make the ground substance less pliable. 
The properties of the eonneetive tissue eells and the makeup 
and arrangement of their matrix elements vary tremendously, 
accounting for the amazing diversity of this tissue type. None- 
theless, the eonneetive tissues have a eommon structural plan 
seen best in areolar eonneetive tissue (Figure 6.4), a soft 
paeking tissue that occurs throughout the body. Sinee all other 
eonneetive tissues are variations of areolar, it is eonsidered 
the model or prototype of the eonneetive tissues. Notiee that 
areolar tissue has all three varieties of fibers, but they are 
sparsely arranged in its transparent gel-like ground substance 
(Figure 6.4). The eell type that seeretes its matrix is th tfibro- 
blast, but a wide variety of other eells (including phagoeytie 
eells like maerophages and eertain white blood eells and 
mast eells that aet in the inflammatory response) are present 
as well. The more durable eonneetive tissues, such as bone, 
eartilage, and the dense fibrous varieties, eharaeteristieally 
have a firm ground substance and many more fibers. 

There are four main types of adult eonneetive tissue, all 
of which typieally have large amounts of matrix. These are 
eonneetive tissue proper (which includes areolar, adipose, 
reticular, and dense [fibrous] eonneetive tissues), eartilage, 
bone, and blood. All of these derive from an embryonie tissue 
ealled mesenehyme. The next set of illustrations (Figure 6.5) 
lists the general eharaeteristies, loeation, and fimetion of some 
of the eonneetive tissues found in the body. 

(Text eontinnes on page 82.) 
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Exercise 6 


(a) Embryonie eonneetive tissue: Mesenehyme 


Deseription: Embryonie eonneetive tissue; 
gel-like ground substance eontaining fibers; 
star-shaped mesenehymal eells. 


Function: Gives rise to all other eonneetive 
tissue types. 


Loeation: Primarily in embryo. 




Fibers 


Ground 

substance 


Mesenehymal 

eell 


Photomierograph: Mesenehymal tissue, an embryonie 
eonneetive tissue ( 627 x); the elear-appearing background is 
the fluid ground substance of the matrix; notiee the fine, 
sparse fibers.) 


(b) Connective tissue proper: loose eonneetive tissue, areolar 


Deseription: Gel-like matrix with all three fiber 
types; eells: fibroblasts, maerophages, mast 
eells, and some white blood eells. 


Function: Wraps and cushions organs; its 
maerophages phagoeytize baeteria; plays 
important role in inflammation; holds and 
eonveys tissue fluid. 


Loeation: Widely distributed under epithelia 
of body, e.g., forms lamina propria of mucous 
membranes; paekages organs; surrounds 
eapillaries. 


Epithelium 


Lamina 

propria 




Photomierograph: Areolar eonneetive tissue, a soft paekaging 
tissue of the body ( 365 x). 


Oollagen 

fibers 


Fibroblast 
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Figure 6.5 Connective tissues. Embryonie eonneetive tissue (a) and Connective tissue 
proper (b). 
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(e) Connective tissue proper: loose eonneetive tissue, adipose 


Deseription: Matrix as in areolar, but very 
sparse; elosely paeked adipoeytes, or fat eells, 
have nucleus pushed to the side by large fat 
droplet. 


Function: Provides reserve fuel; insulates 
against heat loss; supports and proteets 
organs. 


Loeation: (Jnder skin; around kidneys and 
eyeballs; within abdomen; in breasts. 




Photomierograph: Adipose tissue from the subcutaneous 
layer under the skin (110x). 


Vacuole 
eontaining 
fat droplet 


Nuclei of fat 
eells 


(d) Connective tissue proper: loose eonneetive tissue, reticular 


Deseription: Network of reticular fibers in a 
typieal loose ground substance; reticular eells 
lie on the network. 


Function: Fibers form a soft internal skeleton 
(stroma) that supports other eell types, 
including white blood eells, mast eells, and 
maerophages. 


Loeation: Lymphoid organs (lymph nodes, 
bone marrow, and spleen). 


Spleen 




White blood eell 
(lymphoeyte) 


Reticular 

fibers 


Photomierograph: Dark-staining network of reticular eonneetive 
tissue fibers forming the internal skeleton of the spleen ( 350 x). 


Figure 6.5 (continued) Connective tissue proper (e and d). 
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Exercise 6 


(e) Connective tissue proper: dense eonneetive tissue, dense regular 


Deseription: Primarily parallel eollagen fibers; 
a few elastie fibers; major eell type is the 
fibroblast. 


Function: Attaehes muscles to bones or to 
muscles; attaehes bones to bones; withstands 
great tensile stress when pulling foree is 
applied in one direetion. 


Loeation: Tendons, most 
ligaments, aponeuroses. 


Shoulder 

joint 


Ligament 


Tendon 




Collagen 

fibers 


Nuclei of 
fibroblasts 


Photomierograph: Dense regular eonneetive tissue from a 
tendon (590x). 


(f) Connective tissue proper: dense eonneetive tissue, elastie 


Deseription: Dense regular eonneetive tissue 
eontaining a high proportion of elastie fibers. 


Function: Allows reeoil of tissue following 
stretehing; maintains pulsatile flow of blood 
through arteries; aids passive reeoil of lungs 
following inspiration. 


Loeation: Walls of large arteries; within 
eertain ligaments assoeiated with the vertebral 
column; within the walls of the bronehial tubes. 




Elastie fibers 


Photomierograph: Elastie eonneetive tissue in the wall of the 
aorta (250x). 


Figure 6.5 (continued) Connective tissues. Connective tissue proper (e) and (f). 
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(g) Connective tissue proper: dense eonneetive tissue, dense irregular 


Deseription: Primarily irregularly arranged 
eollagen fibers; some elastie fibers; major eell 
type is the fibroblast. 


Function: Able to vvithstand tension exerted 
in many direetions; provides structural 
strength. 


Loeation: Fibrous capsules of organs and 
of joints; dermis of the skin; submucosa of 
digestive traet. 


Fibrous 

joint 

capsule 




Nuclei of 
fibroblasts 


Collagen 

fibers 


Photomierograph: Dense irregular eonneetive tissue from the 
dermis of the skin (210x). 




(h) Oartilage: hyaline 



Deseription: Amorphous but firm matrix; 
eollagen fibers form an impereeptible netvvork; 
ehondroblasts produce the matrix and vvhen 
mature (ehondroeytes) lie in lacunae. 


Function: Supports and reinforees; serves as 
resilient cushion; resists eompressive stress. 


Loeation: Forms most of the embryonie 
skeleton; eovers the ends of long bones in 
joint eavities; forms eostal eartilages of the 
ribs; eartilages of the nose, traehea, and 
larynx. 


Costal — 
eartilages 




Chondrocyte 
in lacuna 


Matrix 


Photomierograph: Hyaline eartilage from a eostal eartilage 
of a rib (470x). 



Figure 6.5 (continued) Connective tissue proper (g) and Cartilage (h). 
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Exercise 6 


(i) Cartilage: elastie 


Deseription: Similarto hyaline eartilage, but 
more elastie fibers in matrix. 


Function: Maintains the shape of a structure 
while allowing great flexibility. 


Loeation: Supports the external ear 
(auricle); epiglottis. 




Chondrocyte 
in lacuna 


Matrix 


Photomierograph: Elastie eartilage from the human ear auricle; 
forms the flexible skeleton of the ear ( 510 x). 




(j) Cartilage: fibroeartilage 



Deseription: Matrix similar to but less firm 
than that in hyaline eartilage; thiek eollagen 
fibers predominate. 


Function: Tensile strength with the ability to 
absorb eompressive shoek. 


Loeation: Intervertebral dises; pubic 
symphysis; dises of knee joint. 


Intervertebral 

dises 




Chondrocytes 
in lacunae 








Collagen 

fiber 


Photomierograph: Fibroeartilage of an intervertebral 
dise ( 160 x). Speeial staining produced the blue eolor seen 


Figure 6.5 (continued) Connective tissues. Cartilage (i and j). 
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(k) Bones (osseous tissue) 


Deseription: Hard, ealeified matrix eontaining 
many eollagen fibers; osteoeytes lie in 
lacunae. Very well vascularized. 


Function: Bone supports and proteets 
(by enelosing); provides levers for the muscles 
to aet on; stores calcium and other minerals 
and fat; marrow inside bones is the site for 
blood eell formation (hematopoiesis). 


Loeation: Bones 




Photomierograph: Cross-sectional view of bone (175x). 


Central 

eanal 


Lacunae 


Lamella 


(I) Blood 


Deseription: Red and white blood eells in a 
fluid matrix (plasma). 


Function: Transport of respiratory gases, 
nutrients, wastes, and other substances. 


Loeation: Contained within blood vessels. 




Plasma 


Neutrophil 


Red blood 
eells 


Lymphoeyte 


Photomierograph: Smear of human blood (1000x); two white 
blood eells (neutrophil and lymphoeyte) are seen surrounded by 
red blood eells. 


Figure 6.5 (continued) Bone (k) and Blood (I). 
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Exercise 6 


Nervous tissue 


Deseription: Neurons are branehing 
eells; eell proeesses that may be quite 
long extend from the nucleus-containing 
eell body; also contributing to nervous 
tissue are nonexcitable supporting eells. 


Neuron proeesses 


Cell body 



Function: Neurons transmit eleetrieal 
signals from sensory reeeptors and to 
effeetors (muscles and glands); supporting 
eells support and proteet neurons. 

Loeation: Brain, spinal 
eord, and nerves. 



Photomierograph: Neurons (370x) 



Nuclei of 

supporting 

eells 


Cell body 
of a neuron 


Neuron 

proeesses 


Figure 6.6 Nervous tissue. 


AOTIVITY 2 


Examining Connective Tissue Under the 
Mieroseope 

Obtain prepared slides of mesenehyme; of adipose, areolar, 
reticular, dense regular, elastie, and irregular eonneetive tis- 
sue; of hyaline and elastie eartilage and fibroeartilage; of os- 
seous eonneetive tissue (bone); and of blood. Oompare your 
observations with the views illustrated (Figure 6.5). 

Distinguish between the living eells and the matrix and 
pay particular attention to the denseness and arrangement of 
the matrix. For example, notiee how the matrix of the dense 
regular and irregular eonneetive tissues, respeetively making 
up tendons and the dermis of the skin, is paeked with eollagen 
fibers. Note also that in the regular variety (tendon), the fibers 
are all mnning in the same direetion, whereas in the dermis 
they appear to be mnning in many direetions. 

While examining the areolar eonneetive tissue, notiee 
how much empty spaee there appears to be (areol = small 
empty spaee), and distinguish between the eollagen fibers 
and the eoiled elastie fibers. Identify the starlike fibroblasts. 
Also, try to loeate a mast eell, which has large, darkly stain- 
ing granules in its eytoplasm (mast = stuffed full of granules). 
This eell type releases histamine, which makes eapillaries 
more permeable during inflammatory reaetions and allergies 
and thus is partially responsible for that í4 runny nose” of some 
allergies. 

In adipose tissue, loeate a “signet ring” eell, a fat eell 
in which the nucleus ean be seen pushed to one side by the 


large, fat-filled vacuole that appears to be a large empty 
spaee. Also notiee how little matrix there is in adipose 
(fat) tissue. Distinguish between the living eells and the 
matrix in the dense fibrous, bone, and hyaline eartilage 
preparations. 

Sean the blood slide at low and then high power to ex- 
amine the general shape of the red blood eells. Then, switch 
to the oil immersion lens for a eloser look at the various types 
of white blood eells. How does blood differ from all other 
eonneetive tissues? 


Nervous Tissue 

Nervous tissue is made up of two major eell popula- 
tions. The neuroglia are speeial supporting eells that 
proteet, support, and insulate the more delieate neurons. 
The neurons are highly speeialized to reeeive stimuli 
(excitability) and to generate eleetrieal signals that may be 
sent to all parts of the body (conductivity). They are the 
eells that are most often assoeiated with nervous system 
functioning. 

The structure of neurons is markedly different from that 
of all other body eells. They have a nucleus-containing eell 
body, and their eytoplasm is drawn out into long extensions 
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GROUP CHALLENGE 2 


Identifying Connective Tissue 

Following your observations of eonneetive tissues under 
the mieroseope, obtain an envelope for eaeh group that 
eontains images of some of the tissues you have studied. 
With your lab manual elosed, remove one image at a time 
and identify the tissue. One member of the group shall 
function as the verifier whose job it is to make sure that the 
identifieation is eorreet. 

Remove the seeond image and repeat the proeess. 
After you have eorreetly identified all of the images, sort 
them into groups aeeording to their primary tissue type and 
subcategory (if appropriate). 

Now, carefully go through eaeh group and try to list 
one plaee in the body where the tissue is found, and one 



function for it. After you have eorreetly listed loeations 
take your lists and draw some general conclusions about 
where eaeh primary tissue type is found in the body. 
Compare and eontrast the functions of the primary tissue 
types, including epithelium. (If you have already eom- 
pleted Group Challenge 1 for epithelial tissues, you need 
not repeat that work here.) 

Next, obtain an envelope from your instmetor that 
eontains an image of a seetion through an organ. Identify 
all of the tissues that you see in this seetion, and use it to 
review the relationship between the loeation and function 
of the tissue types that you have studied. 

Finally, identify the tissues deseribed in the Group 
Challenge 2 ehart and list several loeations in the body. 



Group ehallenge 2: Connective Tissue IDs 

Magnified appearanee 

Tissue type 

Loeations in the body 

• Large, round eells are densely paeked 

• Nucleus is pushed to one side 



• Lacunae (small eavities within the tissue) are present 

• Lacunae are not arranged in a eoneentrie eirele 

• No visible fibers in the matrix 



• Fibers and eells are loosely paeked with visible spaee 
between fibers 

• Fibers overlap but do not form a network 



• Extracellular fibers mn parallel to eaeh other 

• Nuclei of fibroblasts are visible 



• Lacunae are sparsely distributed 

• Lacunae are not arranged in a eoneentrie eirele 

• Fibers are visible and fairly organized 



• Tapered eells with darkly stained nucleus eentrally loeated 

• No striations 

• Cells layered to form a sheet 





(eell proeesses)—sometimes as long as 1 m (about 3 feet), 
which allows a single neuron to conduct an eleetrieal signal 
over relatively long distanees. (More detail about the anatomy 
of the different elasses of neurons and neuroglia appears in 
Exercise 15.) 


AGTIVITY 3 


Examining Nervous Tissue 
llnder the Mieroseope 

Obtain a prepared slide of a spinal eord smear. Loeate a 
neuron and eompare it to the photomierograph (Figure 6.6). 
Keep the light dim—this will help you see the cellular exten- 
sions of the neurons. (See also Figure 15.2 in Exercise 15.) H 

Muscle Tissue 

Muscle tissue (Figure 6.7) is highly speeialized to eontraet 
and produces most types of body movement. As you might 


expect, muscle eells tend to be elongated, providing a long 
axis for eontraetion. The three basie types of muscle tissue 
are deseribed briefly here. (Cardiac and skeletal muscles are 
treated more eompletely in later exercises.) 

Skeletal muscle, the “meat,” or flesh, of the body, is 
attaehed to the skeleton. It is under voluntary eontrol (eon- 
sciously eontrolled), and its eontraetion moves the limbs and 
other external body parts. The eells of skeletal muscles are 
long, eylindrieal, and multinucleate (several nuclei per eell), 
with the nuclei pushed to the periphery of the eells; they have 
obvious striations (stripes). 

Cardiac muscle is found only in the heart. As it eontraets, 
the heart aets as a pump, propelling the blood into the blood 
vessels. Cardiac muscle, like skeletal muscle, has striations, 
but eardiae eells are branehing uninucleate eells that inter- 
digitate (fit together) at junctions ealled interealated dises. 
These structural modifieations allow the eardiae muscle to aet 
as a unit. Cardiac muscle is under involuntary eontrol, which 
means that we eannot voluntarily or consciously eontrol the 
operation of the heart. 
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Exercise 6 


(a) Skeletal muscle 


Deseription: Long, eylindrieal, multinucleate 
eells; obvious striations. 





Function: Voluntary movement; loeomotion; 
manipulation of the environment; faeial 
expression; voluntary eontrol. 


Loeation: In skeletal muscles attaehed to 
bones or oeeasionally to skin. 



Photomierograph: Skeletal muscle (approx. 550x). 
Notiee the obvious banding pattern and the 
faet that these large eells are multinucleate. 



Part of 
muscle 
fiber (eell) 


Nuclei 


Striations 




(b) Cardiac muscle 



Deseription: Branehing, striated, generally 
uninucleate eells that interdigitate at 
speeialized junctions ealled interealated dises 
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Function: As it eontraets, it propels blood 
into the circulation; involuntary eontrol. 
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Loeation: The walls of the heart. 
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Photomierograph: Cardiac muscle (775x); 
notiee the striations, branehing of eells, and 
the interealated dises. 


Nucleus 


Interealated 

dises 


Striations 


Figure 6.7 Muscle tissues. Skeletal muscle (a) and Cardiac muscle (b). 
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(e) Smooth muscle 


Deseription: Spindle-shaped eells with 
eentral nuclei; no striations; eells arranged 
elosely to form sheets. 



Function: Propels substances or objeets 
(foodstuffs, urine, a baby) along internal 
passageways; involuntary eontrol. 


Loeation: Mostly in the walls of hollow 
organs. 




Smooth muscle 
eell 


Nucleus 


Photomierograph: Smooth muscle eells (265x). 


Figure 6.7 (eontimied) Smooth muscle (e). 


Smooth muscle, or viseeral muscle, is found mainly in 
the walls of hollow organs (digestive and urinary traet organs, 
uterus, blood vessels). Typieally it has two layers that run at 
right angles to eaeh other; consequently its eontraetion ean 
eonstriet or dilate the lumen (eavity) of an organ and propel 
substances along predetermined pathways. Smooth muscle 
eells are quite different in appearanee from those of skeletal 
or eardiae muscle. No striations are visible, and the uninucle- 
ate smooth muscle eells are spindle-shaped. Like eardiae 
muscle, it is under involuntary eontrol. 


AOTIVITY 4 


Examining Miisde Tissue 
llnder the Mieroseope 

Obtain and examine prepared slides of skeletal, eardiae, and 
smooth muscle. Notiee their similarities and dissimilarities 
in your observations and in the illustrations and photomiero- 
graphs (Figure 6.7). H 
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C assifieation of Tissues 


Tissue Structure and Function—General Review 


1. Define tìssue. 


2. Use the key ehoiees to identify the major tissue types deseribed below. 


Key: a. eonneetive tissue 


b. epithelium 


e. muscle 


d. nervous tissue 


1. lines body eavities and eovers the body’s external surface 


2. pumps blood, flushes urine out of the body, allows one to swing a bat 


3. transmits eleetrieal signals 


4. anehors, paekages, and supports body organs 


5. eells may absorb, seerete, and filter 





6. most involved in regulating and eontrolling body functions 


7. major function is to eontraet 


8. synthesizes hormones 


9. the most durable tissue type 


10. abundant nonliving extracellular matrix 


11. most widespread tissue in the body 


12. forms nerves and the brain 


Epithelial Tissue 


3. Deseribe five general eharaeteristies of epithelial tissue 


4. On what basis are epithelial tissues elassified? 
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Revievv Sheet 6 


5. List five major functions of epithelium in the body, and give examples of eaeh. 


Function 1: 


Example: 


Function2: 


Example: 


Function3: 


Example: 


Function4: 


Example: 


Function 5: 


Example: 


6. How does the function of stratified epithelia differ from the function of simple epithelia? 


7. Where is eiliated epithelium found? 

What role does it play?_ 


8. Transitional epithelium is actually stratified squamous epithelium with speeial eharaeteristies. 
How does it differ structurally from other stratified squamous epithelia?_ 


How does the structural differenee support its function? 


9. How do the endoerine and exocrine glands differ in structure and function? 


10. Respond to the following with the key ehoiees. Some tissues are used more than onee. 


Key: a. simple squamous 

b. simple cuboidal 


e. simple columnar 
d. pseudostratified eiliated columnar 


e. stratified squamous 

f. transitional 


1. lining of the esophagus 

2. lining of the stomaeh 

3. alveolar saes of lungs 

4. 


tubules of the kidney 
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5. epidermis of the skin 

6. lining of bladder; peculiar eells that have the ability to slide over eaeh other 

7. forms the thin serous membranes; a single layer of flattened eells 


Connective Tissue 

11. What are three general eharaeteristies of eonneetive tissues? 


12. What functions are performed by eonneetive tissue? 


13. How are the functions of eonneetive tissue refleeted in its structure? 


14. Using the key, ehoose the best response to identify the eonneetive tissues deseribed below. Some tissues are used move 
than onee. 


1. attaehes bones to bones and muscles to bones 

2. insulates against heat loss 

3. the dermis of the skin 

4. makes up the intervertebral dises 

5. forms the hip bone 



a. adipose eonneetive tissue 

b. areolar eonneetive tissue 

e. dense fibrous eonneetive tissue 

d. elastie eartilage 

e. elastie eonneetive tissue 

f. fibroeartilage 

g. hematopoietie tissue 

h. hyaline eartilage 

i. osseous tissue 


6. eomposes basement membranes; a soft paekaging tissue with a jellylike matrix 



forms the larynx, the eostal eartilages of the ribs, and the embryonie skeleton 


8. provides a flexible framework for the external ear 


9. firm, structurally amorphous matrix heavily invaded with fibers; appears glassy and smooth 


10. matrix hard owing to calcium salts; provides levers for muscles to aet on 


11. aets as storage depot for fat 


12. walls of large arteries 


15. Why do adipose eells remind people of a ring with a single jewel? 
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Revievv Sheet 6 


Nervous Tissue 

16. What two physiologieal eharaeteristies are highly developed in neurons (nerve eells)? 


17. In what ways are neurons similar to other eells? 


How are they different?_ 

18. Deseribe how the unique structure of a neuron relates to its function in the body. 


Muscle Tissue 


19. The three types of muscle tissue exhibit similarities as well as differenees. Check the appropriate spaee in the ehart to indieate 
which muscle types exhibit eaeh eharaeteristie. 


Characteristic 

Skeletal 

Cardiac 

Smooth 

Voluntarily eontrolled 




lnvoluntarily eontrolled 




Striated 




Has a single nucleus in eaeh eell 




Has several nuclei per eell 




Found attaehed to bones 




Allovvs you to direet your eyeballs 




Found ìn the vvalls of the stomaeh, uterus # and arteries 




Contains spindle-shaped eells 




Contains branehing eylindrieal eells 




Contains long f nonbranehing eylindrieal eells 




Has interealated dises 




Concerned with loeomotion of the body as a whole 




ehanges the internal volume of an organ as it eontraets 




Tissue of the heart 
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For Review 

20. Label the tissue types illustrated here and on the next page, and identify all structures provided with leaders. 
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MATERIALS 


OBJEGTIVES 



□ Skin model (three-dimensional, if 
available) 

□ Compound mieroseope 

□ Prepared slide of human sealp 

□ Prepared slide of skin of palm or sole 

□ Sheet of 20# bond paper ruled to mark 
off em 2 areas 

□ Seissors 

□ Betadine® svvabs, or Lugol's iodine and 
eotton svvabs 

□ Adhesive tape 

□ Disposable gloves 

□ Data eolleetion sheet for plotting 
distribution of svveat glands 

□ Porelon® fingerprint pad or portable 
inking foils 


1 . 

2 . 


3. 

4. 

5. 

6 . 


List several important functions of the skin, or integumentary system. 

Identify the follovving skin structures on a model, image, or mieroseope 
slide: epidermis, dermis (papillary and reticular layers), hair follieles and 
hair, sebaceous glands, and svveat glands. 

Name and deseribe the layers of the epidermis. 

List the faetors that determine skin eolor, and deseribe the function 
of melanin. 

Identify the major regions of nails. 

Deseribe the distribution and function of hairs, sebaceous glands, 
and svveat glands. 




7. Discuss the differenee betvveen eeerine and apoerine svveat glands. 

8. Compare and eontrast the structure and functions of the epidermis 
and the dermis. 


□ Ink eleaner tovvelettes 

□ lndex eards (4 in. x 6 in.) 

□ Magnifying glasses PRE-LAB QUIZ 


1. All the follovving are functions of the skin except: 

a. excretion of body vvastes 

b. insulation 

e. proteetion from meehanieal damage 
d. site of vitamin A synthesis 

2. The skin has tvvo distinet regions. The superfieial layer is the 
_and the underlying eonneetive tissue is the 



MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 




A&PFIix A&PFIix 

Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 


J 


3. The most superfieial layer of the epidermis is the: 

a. stratum basale e. stratum granulosum 

b. stratum spinosum d. stratum corneum 

4. Thiek skin of the epidermis eontains_layers. 

5. _is a yellow-orange pigment found in the stratum corneum 

and the hypodermis. 

a. Keratin e. Melanin 

b. Carotene d. Hemoglobin 

6. These eells produce a brown-to-black pigment that eolors the skin and 
proteets DNA from ultraviolet radiation damage. The eells are: 

a. dendritie eells e. melanoeytes 

b. keratinoeytes d. taetile eells 

7. Circle True or False. Nails originate from the epidermis. 

8. The portion of a hair that projeets from the sealp surface is known as the: 

a. bulb e. root 

b. matrix d. shaft 

9. Circle the eorreet underlined term. The ducts of sebaceous / sweat glands 
usually empty into a hair folliele but may also open direetly on the skin 
surface. 

10. Circle the eorreet underlined term. Eeerine / Apoerine glands are found 
primarily in the genital and axillary areas. 
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Exercise 7 


T he skin, or integiiment, is eonsidered an organ system 

because of its extent and complexity. It is much more 
than an external body eovering; architecturally the skin 
is a marvel. It is tough yet pliable, a eharaeteristie that enables 
it to withstand eonstant insult from outside agents. 

The skin has many functions, most eoneerned with protee- 
tion. It insulates and cushions the underlying body tissues and 
proteets the entire body from abrasion, exposure to harmful 
ehemieals, temperature extremes, and baeterial invasion. The 
hardened uppermost layer of the skin prevents water loss from 
the body surface. The skin’s abundant eapillary network (under 
the eontrol of the nervous system) plays an important role in 
temperature regulation by regulating heat loss from the body 
surface. 

The skin has other functions as well. For example, it aets 
as a mini-excretory system; urea, salts, and water are lost 
through the skin pores in sweat. The skin also has important 
metabolie duties. For example, like liver eells, it earries out 
some ehemieal eonversions that aetivate or inaetivate eertain 
drugs and hormones, and it is the site of vitamin D synthesis 
for the body. Finally, the sense organs for touch, pressure, 
pain, and temperature are loeated here. 


Basie Structure of the Skin 

The skin has two distinet regions—the superficial epidermis 
eomposed of epithelium and an underlying eonneetive tissue, 
the dermis (Figure 7.1). These layers are firmly “eemented” 
together along a wavy border. But frietion, such as the rub- 
bing of a poorly fitting shoe, may cause them to separate, 
resulting in a blister. Immediately deep to the dermis is the 
hypodermis, or superfícial faseia, which is not eonsidered 
part of the skin. It eonsists primarily of adipose tissue. The 
main skin areas and structures are deseribed below. 


A C T I V I T Y 1 


Loeating Structures on a Skin Model 

As you read, loeate the following structures in the diagram 
(Figure 7.1) and on a skin model. wm 

Epidermis 

Structurally, the avascular epidermis is a keratinized stratified 
squamous epithelium eonsisting of four distinet eell types and 
four or five distinet layers. 


Hair shaft 


Epidermis 


Dermis 


Papillary 

layer 


Reticular 

layer 


Hypodermis- 

(subcutaneous tissue; 
not part of skin) 



Dermal papillae 


Subpapillary 

plexus 

Sweat pore 


Appendages of skin 

• Eeerine sweat gland 

• Arreetor pili muscle 

• Sebaceous (oil) gland 

• Hair folliele 

• Hair root 


Nervous structures 

• Sensory nerve fiber with 
free nerve endings 

• Lamellar corpuscle 

• Hair folliele reeeptor 
(root hair plexus) 


Cutaneous plexus 


Adipose tissue 


Figure 7.1 Skin structure. Three-dimensional vievv of the skin and the underlying 
hypodermis. The epidermis and dermis have been pulled apart at the right eorner to 
reveal the dermal papillae. 
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Figure 7.2 The main structural features in epidermis of thin skin. 

(a) Photomierograph depieting the four major epidermal layers 
(430x). (b) Diagram showing the layers and relative distribution of 
the different eell types. Keratinoeytes (orange), melanoeytes (gray), 
dendritie eells (purple) # and taetile (Merkel) eells (blue). A sensory 
nerve ending (yellow) extending from the dermis is assoeiated with 
a taetile eell, forming a taetile dise (touch reeeptor). Notiee that the 
keratinoeytes are joined by numerous desmosomes. The stratum 
lucidum # present in thiek skin, is not illustrated here. 



— Stratiim corneum- 

Most siiperfieial layer; 20-30 layers 
of dead eells, essentially flat 
membranous saes filled with keratin. 
Glyeolipids in extracellular spaee. 



Stratum granulosum- 

One to five layers of flattened eells, 
organelles deteriorating; eytoplasm 
full of lamellar granules (release 
lipids) and keratohyaline granules. 


Stratum spinosum- 

Several layers of keratinoeytes joined 
by desmosomes. Cells eontain thiek 
bundles of intermediate filaments 
made of pre-keratin. 



Stratum basale- 

Deepest epidermal layer; one row 
of aetively mitotie stem eells; some 
newly formed eells beeome part of 
the more superficial layers. 



Dermis 


Keratinoeytes 


Dendritie eell 



Melanin 
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eell 


Sensory 

nerve 

ending 


Desmosomes Melanoeyte 



Ce//s of the Epidermis 

• Keratinoeytes (literally, keratin eells): The most abun- 
dant epidermal eells, their main function is to produce keratin 
fibrils. Keratin is a fibrous protein that gives the epidermis 
its durability and proteetive eapabilities. Keratinoeytes are 
tightly eonneeted to eaeh other by desmosomes. 

Far less numerous are the following types of epidermal 
eells (Figure 7.2): 


• Melanoeytes : Spidery blaek eells that produce the brown- 
to-blaek pigment ealled melanin. The skin tans because 
melanin production inereases when the skin is exposed to 
sunlight. The melanin provides a proteetive pigment umbrella 
over the nuclei of the eells in the deeper epidermal layers, thus 
shielding their genetie material (DNA) from the damaging 
effeets of ultraviolet radiation. A eoneentration of melanin in 
one spot is ealled a freekle. 
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Exercise 7 



Figure 7.3 Photograph of a deep (stage III) 
decubitus ulcer. 


• Dendritie eells: Also ealled Langerhans eells, these 
eells play a role in immunity. 

• Taetile (Merkel) eells: Oeeasional spiky hemispheres 
that, in eombination with sensory nerve endings, form sensi- 
tive touch reeeptors ealled taetile or Merkel dises loeated at 
the epidermal-dermal junction. 

Layers of the Epidermis 

The epidermis eonsists of four layers in thin skin, which eovers 
most of the body. Thiek skin, found on the palms of the hands 
and soles of the feet, eontains an additional layer, the stratum 
lucidum. From deep to superficial, the layers of the epidermis 
are the stratum basale, stratum spinosum, stratum granulosum, 
stratum lucidum, and stratum corneum (Figure 7.2). 

• Stratiim basale (basal layer): A single row of eells 
immediately adjaeent to the dermis. Its eells are eonstantly 
undergoing mitotie eell division to produce millions of new 
eells daily, henee its altemate name stratum germinativum. From 
10% to 25% of the eells in this stratum are melanoeytes, which 
thread their proeesses through this and the adjaeent layers of ke- 
ratinoeytes. Note also the taetile eells of this layer (Figure 7.2). 

• Stratiim spinosum (spiny layer): A stratum eonsisting of 
several eell layers immediately superficial to the basal layer. Its 
eells eontain thiek weblike bundles of intermediate filaments 
made of a pre-keratin protein. The stratum spinosum eells appear 
spiky (henee their name) because as the skin tissue is prepared 
for histologieal examination, they shrink but their desmosomes 
hold tight. Cells divide fairly rapidly in this layer, but less so 
than in the stratum basale. Cells in the basal and spiny layers are 
the only ones to reeeive adequate nourishment via diffusion of 
nutrients from the dermis. So as their daughter eells are pushed 
upward and away from the source of nutrition, they gradually 
die. Dendritie eells may occur in the spiny layer (Figure 7.2). 

• Stratum granulosum (granular layer): A thin layer 
named for the abundant granules its eells eontain. These gran- 
ules are of two types: (1) lamellar granules, which eontain a 
waterproofing glyeolipid that is seereted into the extracellular 
spaee; and (2) keratohyaline granules, which eombine with 
the intermediate filaments in the more superficial layers to 


form the keratin fibrils. At the upper border of this layer, the 
eells are beginning to die. 

• Stratum lucidum (elear layer): A very thin translucent 
band of flattened dead keratinoeytes with indistinet boundar- 
ies. It is not present in regions of thin skin. 


• Stratum corneum (horny layer): This outermost epi- 
dermal layer eonsists of some 20 to 30 eell layers (fewer 
layers are present in thin skin), and accounts for the bulk of 
the epidermal thiekness. Cells in this layer, like those in the 
stratum lucidum (where it exists), are dead, and their flattened 
sealelike remnants are fully keratinized. They are eonstantly 
mbbing off and being replaeed by division of the deeper eells. 


Dermis 

The dense irregular eonneetive tissue making up the dermis 
eonsists of two prineipal regions—the papillary and reticular 
areas (Figure 7.1). Like the epidermis, the dermis varies in 
thiekness. For example, it is particularly thiek on the palms of 
the hands and soles of the feet and is quite thin on the eyelids. 

• Papillary layer: The more superficial dermal region 
eomposed of areolar eonneetive tissue. It is very uneven 
and has fingerlike projeetions from its superior surface, the 
dermal papillae, which attaeh it to the epidermis above. 
These projeetions lie on top of the larger dermal ridges. In 
the palms of the hands and soles of the feet, they produce the 
fingerprints, unique patterns of epidermal ridges that remain 
unchanged throughout life. Abundant eapillary networks in 
the papillary layer furnish nutrients for the epidermal layers 
and allow heat to radiate to the skin surface. The pain (free 
nerve endings) and touch reeeptors ( taetile eorpnseles in hair- 
less skin) are also found here. 

• Reticular layer: The deepest skin layer. It is eomposed 
of dense irregular eonneetive tissue and eontains many ar- 
teries and veins, sweat and sebaceous glands, and pressure 
reeeptors (lamellar eorpnseles). 


Both the papillary and reticular layers are heavily in- 
vested with eollagenie and elastie fibers. The elastie fibers 
give skin its exceptional elastieity in youth. In old age, the 
number of elastie fibers deereases, and the subcutaneous 
layer loses fat, which leads to wrinkling and inelastieity of the 
skin. Fibroblasts, adipose eells, various types of maerophages 
(which are important in the body’s defense), and other eell 
types are found throughout the dermis. 

The abundant dermal blood supply allows the skin to 
play a role in the regulation of body temperature. When body 
temperature is high, the arterioles serving the skin dilate, and 
the eapillary network of the dermis beeomes engorged with 
the heated blood. Thus body heat is allowed to radiate from 
the skin surface. If the environment is eool and body heat 
must be eonserved, the arterioles eonstriet so that blood by- 
passes the dermal eapillary networks temporarily. 

Any restrietion of the normal blood supply to the 


skin results in eell death and, if severe enough, skin 
ulcers (Figure 7.3). Bedsores (decubitus ulcers) occur in 
bedridden patients who are not turned regularly enough. The 
weight of the body puts pressure on the skin, espeeially over 
bony projeetions (hips, heels, ete.), which leads to restrietion 
of the blood supply and tissue death. + 

The dermis is also riehly provided with lymphatie ves- 
sels and nerve fibers. Many of the nerve endings bear highly 
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speeialized reeeptor organs that, when stimulated by environ- 
mental ehanges, transmit messages to the eentral nervous sys- 
tem for interpretation. Some of these reeeptors—free nerve 
endings (pain reeeptors), a lamellar corpuscle, and a hair 
folliele reeeptor (also ealled a root hair plexus )—are shown 
in the diagram of skin structure (Figure 7.1). (These reeeptors 
are discussed in depth in Exercise 22.) 


Skin Color 


Skin eolor is a result of the relative amount of melanin in skin, 
the relative amount of earotene in skin, and the degree of oxy- 
genation of the blood. People who produce large amounts of 
melanin have brown-toned skin. In light-skinned people, who 
have less melanin pigment, the dermal blood supply flushes 
through the rather transparent eell layers above, giving the 
skin a rosy glow. Carotene is a yellow-orange pigment pres- 
ent primarily in the stratum corneum and in the adipose tis- 
sue of the hypodermis. Its presenee is most notieeable when 
large amounts of earotene-rieh foods (earrots, for instanee) 
are eaten. 


Skin eolor may be an important diagnostie tool. For 
example, flushed skin may indieate hypertension, 
fever, or embarrassment, whereas pale skin is typieally seen 
in anemie individuals. When the blood is inadequately 
oxygenated, as during asphyxiation and serious lung disease, 
both the blood and the skin take on a bluish or eyanotie east. 
jaimdiee, in which the tissues beeome yellowed, is almost 
always diagnostie for liver disease, whereas a bronzing of the 
skin hints that a person’s adrenal cortex is hypoaetive 
(Addison’s disease). + 


Aeeessory Organs of the Skin 

The aeeessory organs of the skin—cutaneous glands, hair, 
and nails—are all derivatives of the epidermis, but they reside 
in the dermis. They originate from the stratum basale and 
grow downward into the deeper skin regions. 

Nails 

Nails are hornlike derivatives of the epidermis (Figure 7.4). 
Their named parts are: 

• Body: The visible attaehed portion. 

• Free edge: The portion of the nail that grows out away 
from the body. 

• Hyponychium: The region beneath the free edge of the 
nail. 

• Root: The part that is embedded in the skin and adheres 
to an epithelial nail bed. 

• Nail folds: Skin folds that overlap the borders of the nail. 

• Eponychium: The thiek proximal nail fold eommonly 
ealled the cuticle. 

• Nail bed: Extension of the stratum basale beneath the nail. 

• Nail matrix: The thiekened proximal part of the nail bed 
eontaining germinal eells responsible for nail growth. As the 
matrix produces the nail eells, they beeome heavily keratinized 
and die. Thus nails, like hairs, are mostly nonliving material. 

• Lunule: The proximal region of the thiekened nail ma- 
trix, which appears as a white ereseent. Everywhere else, nails 


Lateral Lunule 
nail fold 



Free edge 
of nail 


Body 
of nail 


Eponychium 


Root of nail 


(cuticle) 


Proximal 
nail fold 


Nail 

matrix 
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Hyponychium Nail bed Phalanx (bone of fingertip) 



Figure 7.4 Structure of a nail. (a) Surface view of the 
distal part of a finger showing nail parts. The nail matrix 
that forms the nail lies beneath the lunule; the epidermis 
of the nail bed underlies the nail. (b) Sagittal seetion of 
the fingertip. 


are transparent and nearly eolorless, but they appear pink 
because of the blood supply in the underlying dermis. When 
someone is eyanotie because of a laek of oxygen in the blood, 
the nail beds take on a blue east. 


A C T I V I T Y 2 


Identifying Nail Structures 

Identify the parts of a nail (as shown in Figure 7.4) on yourself 
or your lab partner. M 

Hairs and Assoeiated Structures 

Hairs, enelosed in hair follieles, are found all over the entire 
body surface, except for thiek-skinned areas (the palms of the 
hands and the soles of the feet), parts of the external genitalia, 
the nipples, and the lips. 

• Hair: Structure eonsisting of a medulla, a eentral region 
surrounded first by the cortex and then by a proteetive cuticle 
(Figure 7.5). Abrasion of the cuticle results in split ends. 
Hair eolor depends on the amount and kind of melanin pig- 
ment within the hair cortex. The portion of the hair enelosed 
within the folliele is ealled the root; that portion projeeting 
from the sealp surface is ealled the shaft. The hair bulb is a 
eolleetion of well-nourished germinal epithelial eells at the 
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Exercise 7 



Folliele wall 

• Peripheral 
eonneetive tissue 
(fibrous) sheath 

• Glassy membrane 

• External epithelial 
root sheath 

• Internal epithelial 
root sheath 

Hair 

•Cuticle 

• Cortex 

• Medulla 
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Hair shaft 


Arreetor 
pili muscle 


Sebaceous 



Hair root 
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Folliele wall 

• Peripheral 
eonneetive tissue 
(fibrous) sheath 

• Glassy membrane 

• External epithelial 
root sheath 

• Internal epithelial 
root sheath 

Hair root 

• Cuticle 

• Cortex 

• Medulla 


Hair matrix 
Hair papilla 
Melanoeyte 


Subcutaneous 
adipose tissue 



Figure 7.5 Structure of a hair and hair folliele. (a) 

Diagram of a eross seetion of a hair vvithin its folliele. 
(b) Diagram of a longitudinal vievv of the expanded 
hair bulb of the folIicle # vvhieh eneloses the matrix # the 
aetively dividing epithelial eells that produce the hair. 


• Folliele: A structure formed from both epidermal and 
dermal eells (Figure 7.5). Its inner epithelial root sheath, 
with two parts (internal and external), is enelosed by a 
thiekened basement membrane, the glassy membrane, and 
a peripheral eonneetive tissue (or fibrous) sheath, which is 
essentially dermal tissue. A small nipple of dermal tissue 
protmdes into the hair bulb from the peripheral eonneetive 
tissue sheath and provides nutrition to the growing hair. It 
is ealled the papilla. 

• Arreetor pili miisele: Small bands of smooth muscle 
eells eonneet eaeh hair folliele to the papillary layer of the 
dermis (Figures 7.1 and 7.5). When these muscles eontraet 
(during eold or fright), the slanted hair folliele is pulled 
upright, dimpling the skin surface with goose bumps. This 
phenomenon is espeeially dramatie in a seared eat, whose 
fur actually stands on end to inerease its apparent size. The 
aetivity of the arreetor pili muscles also puts pressure on the 
sebaceous glands surrounding the folliele, causing a small 
amount of sebum to be released. 


A C T I V I T Y 3 


Comparison of Hairy and Relatively 
Hair-Free Skin Mieroseopieally 

While thiek skin has no hair follieles or sebaceous (oil) 
glands, thin skin typieal of most of the body has both. The 
sealp, of course, has the highest density of hair follieles. 

1. Obtain a prepared slide of the human sealp, and study it 
carefully under the mieroseope. Oompare your tissue slide to 
the photomierograph (Figure 7.6a), and identify as many as 
possible of the diagrammed structures (Figure 7.1). 

How is this stratified squamous epithelium different from 
that observed in the esophagus (Exercise 6)? 



How do these differenees relate to the functions of these two 
similar epithelia? 


2. Obtain a prepared slide of hairless skin of the palm or sole 
(Figure 7.6b). Oompare the slide to the previous photomiero- 
graph (Figure 7.6a). In what ways does the thiek skin of the 
palm or sole differ from the thin skin of the sealp? 


basal end of the folliele. As the daughter eells are pushed 
farther away from the growing region, they die and beeome 
keratinized; thus the bulk of the hair shaft, like the bulk of the 
epidermis, is dead material. 
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Sloughing stratum Epidermis 

corneum eells 


Hair folliele 


Hair shaft 


Dermis 
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granulosum T 
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spinosum 


• Stratum 
basale 
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Cutaneous Glands 

The cutaneous glands fall primarily into two eategories: 
the sebaceous glands and the sweat glands (Figure 7.1 and 

Figiire 7.7). 


Sebaceous (Oil) Glands 

The sebaceous glands are found nearly all over the skin, 
except for the palms of the hands and the soles of the feet. 
Their ducts usually empty into a hair folliele, but some open 
direetly on the skin surface. 

Sebum is the product of sebaceous glands. It is a mix- 
ture of oily substances and fragmented eells that aets as 
a lubricant to keep the skin soft and moist (a natural skin 
eream) and keeps the hair from beeoming brittle. The se- 
baceous glands beeome particularly aetive during puberty 
when more male hormones (androgens) begin to be pro- 
duced; thus the skin tends to beeome oilier during this 
period of life. 

Blaekheads are accumulations of dried sebum, 


baeteria, and melanin from epithelial eells in the oil 
duct. Aene is an aetive infeetion of the sebaceous glands. + 


Sweat (Sudoriferous) Glands 

These exocrine glands are widely distributed all over the skin. 
Outlets for the glands are epithelial openings ealled pores. 
Sweat glands are eategorized by the eomposition of their 
seeretions. 





• Eeerine glands: Also ealled meroerine sweat glands, 
these glands are distributed all over the body. They pro- 
duce elear perspiration eonsisting primarily of water, salts 
(mostly NaCl), and urea. Eeerine sweat glands, under the 
eontrol of the nervous system, are an important part of the 
body’s heat-regulating apparatus. They seerete perspira- 
tion when the external temperature or body temperature is 
high. When this water-based substance evaporates, it ear- 
ries excess body heat with it. Thus evaporation of greater 
amounts of perspiration provides an effieient means of 
dissipating body heat when the eapillary eooling system 
is not sufficient or is unable to maintain body temperature 
homeostasis. 

• Apoerine glands: Found predominantly in the axillary 
and genital areas, these glands seerete the basie eompo- 
nents of eeerine sweat plus proteins and fat-rieh substances. 
Apoerine sweat is an excellent nutrient medium for the 
mieroorganisms typieally found on the skin. This sweat is 
odorless, but when baeteria break down its organie eompo- 
nents, it begins to smell unpleasant. The function of apo- 
erine glands is not known, but sinee their aetivity inereases 
during sexual foreplay and the glands enlarge and reeede 
with the phases of a woman’s menstmal eyele, they may 
be the human equivalent of the sexual seent glands of other 
animals. 


Figure 7.6 Photomierographs of skin. (a) Thin skin with 
hairs (120x). (b) Thiek hairless skin (75x). 
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Exercise 7 


Sweat 


Sebaceous 
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eonneetive 
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Sebaceous Hair in 
gland duct hair folliele 
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Eeerine 


Duct 


Dermal eonneetive 
tissue 
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1 



(a) Photomierograph of a seetioned 
sebaceous gland (100 x) 


(b) Photomierograph of a seetioned 
eeerine gland (145x) 


Figure 7.7 Cutaneous glands. 


AOTIVITY 4 


Differentiating Sebaceous and Sweat 
Glands Mieroseopieally 

Using the slide thin skin with hairs, and the photomierographs 
of cutaneous glands (Figure 7.7) as a guide, identify sebaceous 
and eeerine sweat glands. What eharaeteristies relating to loea- 
tion or gland structure allow you to differentiate these glands? 


test is being conducted, good results may be obtained within 
10 to 15 minutes.) 

5. After 20 minutes, remove the paper squares, and count the 
number of blue-black dots on eaeh square. The presenee of a 
blue-black dot on the paper indieates an aetive sweat gland. The 
iodine in the pore is dissolved in the sweat and reaets ehemi- 
eally with the stareh in the bond paper to produce the blue-black 
eolor. You have produced “sweat maps” for the two skin areas. 

6. Which skin area tested has the greater density of sweat 
glands? 




A C T I V I T Y 5 


Plotting the Distribution of Sweat Glands 

1. Form a hypothesis about the relative distribution of sweat 
glands on the palm and forearm. Justify your hypothesis. 

2. The bond paper for this simple experiment has been pre- 

r\ 

rnled in em—put on disposable gloves and cut along the lines 
to obtain the required squares. You will need two squares of 
bond paper (eaeh 1 em X 1 em), adhesive tape, and a Betadine 
(iodine) swab or Lugol’s iodine and a eotton-tipped swab. 

3. Paint an area of the medial aspeet of your left palm (avoid 
the erease lines) and a region of your left forearm with the iodine 
solution, and allow it to dry thoroughly. The painted area in eaeh 
ease should be slightly larger than the paper squares to be used. 

4. Have your lab partner securely tape a square of bond 
paper over eaeh iodine-painted area, and leave them in plaee 
for 20 minutes. (If it is very warm in the laboratory while this 


7. Tape your results (bond paper squares) to a data eolleetion 
sheet labeled “palm” and “forearm” at the front of the lab. Be sure 
to put your paper squares in the eorreet columns on the data sheet. 

8. Onee all the data have been eolleeted, review the elass results. 

9. Prepare a lab report for the experiment. (See Getting 
Started, page xiv.) H 

Dermography: Fingerprinting 

As noted previously, eaeh of us has a unique genetieally 
determined set of fingerprints. Because of the usefulness of 
fingerprinting for identifying and apprehending eriminals, most 
people assoeiate this eraft solely with eriminal investigations. 
However, eivil fingerprints are invaluable in quickly identifying 
amnesia vietims, missing persons, and unknown deeeased such 
as those killed in major disasters. 
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(a) Plain areh 



(e) Loop 


(b)Tented areh 



(d) Loop 





(e) Plain whorl (f) Double loop whorl 

Figure 7.8 Main types of fingerprint patterns. (a-b) 
Arehes. (e-d) Loops. (e-f) Whorls. 

The frietion ridges responsible for fingerprints appear in 
several patterns, which are elearest when the fingertips are 
inked and then pressed against white paper. Impressions are 
also made when perspiration or any foreign material such as 
blood, dirt, or grease adheres to the ridges and the fingers are 
then pressed against a smooth, nonabsorbent surface. The 
three most eommon patterns are arehes, loops, and whorls 
(Figure 7.8). The pattern area in loops and whorls is the only 
area of the print used in identifieation, and it is delineated 
by the type lines —speeifieally the two innermost ridges that 
start parallel, diverge, and/or surround or tend to surround the 
pattern area. 



A C T I V I T Y 6 


Taking and Identifying Inked Fingerprints 

For this aetivity, you will be working as a group with your lab 
partners. Though the equipment for professional fingerprinting 
is fairly basie, eonsisting of a glass or metal inking plate, 
printer’s ink (a heavy blaek paste), ink roller, and standard 


8 in. x 8 in. eards, you will be using supplies that are even 
easier to handle. Eaeh student will prepare two index eards, 
eaeh bearing his or her thumbprint and index fingerprint of 
the right hand. 


1. Obtain the following supplies and bring them to your 
beneh: two 4 in. x 6 in. index eards per student, Porelon fin- 
gerprint pad or portable inking foils, ink eleaner towelettes, 
and a magnifying glass. 

2. The subject should wash and dry the hands. Open the ink 
pad or peel baek the eovering over the ink foil, and position it 
elose to the edge of the laboratory beneh. The subject should 
position himself or herself at arm’s length from the beneh 
edge and inking objeet. 

3. A seeond student, ealled the operator, stands to the left of 
the subject and with two hands holds and direets movement of 
the subject’s fingertip. During this proeess, the subject should 
look away, try to relax, and refrain from trying to help the 
operator. 

4. The thumbprint is to be plaeed on the left side of the index 
eard, the index fingerprint on the right. The operator should 
position the subject’s right thumb or index finger on the side 
of the bulb of the finger in such a way that the area to be inked 
spans the distanee from the fingertip to just beyond the first 
joint, and then roll the finger lightly aeross the inked surface 
until its bulb faees in the opposite direetion. To prevent smear- 
ing, the thumb is rolled away from the body midline (from left 
to right as the subject sees it; see Figure 7.9) and the index 
finger is rolled toward the body midline (from right to left). 
The same ink foil ean be reused for all the students at the 
beneh; the ink pad is good for thousands of prints. Repeat the 
procedure (still using the subject’s right hand) on the seeond 
index eard. 



5. If the prints are too light, too dark, or smeary, repeat the 
procedure. 

6. While subsequent members are making elear prints of 
their thumb and index finger, those who have eompleted that 
aetivity should elean their inked fingers with a towelette and 
attempt to elassify their own prints as arehes, loops, or whorls. 
Use the magnifying glass as neeessary to see ridge details. 

7. When all members at a beneh have eompleted the above 
steps, they are to write their names on the baeks of their index 


Bulb of finger 



(a) (b) 


Figiire 7.9 Fingerprinting. Method of inking and printing 
(a) the thiimb and (b) the index finger of the right hand. 
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Exercise 7 


eards, then eombine their eards and shuffle them before trans- 
ferring them to the beneh opposite for elassifieation of pattern 
and identifieation of prints made by the same individuals. 

How difficult was it to elassify the prints into one of the three 
eategories given? 


Was it easy or difficult to identify the prints made by the same 
individual? 


Why do you think this was so? 



Why do you think this is so? 







Name 


Lab Time/Date 



The lntegumentary System 
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Basie Structure of the Skin 

1. Complete the following statements by writing the appropriate word or phrase on the eorrespondingly numbered blank 





The two basie tissues of which the skin is eomposed are dense irregular 
eonneetive tissue, which makes up the dermis, and 1 , which forms the 
epidermis. The tough water-repellent protein found in the epidermal eells is 
ealled 2 . The pigments melanin and 3 contribute to skin eolor. A loealized 
eoneentration of melanin is referred to as a 4 . 


1 


2 



3 


4 



2. Four proteetive functions of the skin are 


> 


a. 


e 


b. 


d 


3. Using the key ehoiees, ehoose all responses that apply to the following deseriptions. Some terms are used more than onee 



Key: a. stratum basale 

b. stratum corneum 
e. stratum granulosum 


d. stratum lucidum 

e. stratum spinosum 

f. papillary layer 


g. reticular layer 

h. epidermis as a whole 

i. dermis as a whole 


1. layer of translucent eells in thiek skin eontaining dead keratinoeytes 

2. two layers eontaining dead eells 

3. dermal layer responsible for fingerprints 

4. vascular region of the skin 

5. major skin area as a whole that produces derivatives (nails and hair) 

6. epidermal layer exhibiting the most rapid eell division 

7. layer including sealelike dead eells, full of keratin, that eonstantly slough off 

8. layer of mitotie eells filled with intermediate filaments 

9. has abundant elastie and eollagenie fibers 

10. loeation of melanoeytes and taetile (Merkel) eells 

11. area where weblike pre-keratin filaments first appear 

12. layer of areolar eonneetive tissue 
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Revievv Sheet 7 


4. Label the skin structures and areas indieated in the aeeompanying diagram of thin skin. Then, eomplete the statements that 
follow. 



reeeptor) 


Subcutaneous 
tissue or 


(deep pressure 


Stratum_ 

Stratum_ 

Stratum_ 

Stratum_ 

(layers) 

Papillary layer 


Reticular layer 


Blood vessel 


Adipose eells 




a. _granules eontain glyeolipids that prevent water loss from the skin. 

b. Fibers in the dermis are prodiieed by_. 

e. Glands that respond to rising androgen levels are the_glands. 

d. Phagoeytie eells that occupy the epidermis are ealled_. 

e. A unique touch reeeptor formed from a stratum basale eell and a nerve fiber is a_ 

f. What layer is present in thiek skin but not in thin skin?_ 

g. What eell-to-eell structures hold the eells of the stratum spinosum tightly together?_ 
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5. What substance is manufactured in the skin and plays a role in calcium absorption elsewhere in the body? 


6 . List the sensory reeeptors found in the dermis of the skin. 


7. A nurse tells a doetor that a patient is eyanotie. Define eyanosis. 

What does its presenee imply?_ 

8. What is a bedsore (decubitus ulcer)?_ 

Why does it occur?_ 


Aeeessory Organs of the Skin 

9. Mateh the key ehoiees with the appropriate deseriptions. Some terms are used more than onee. 

Key: a. arreetor pili d. hair folliele g. sweat gland—apoerine 

b. cutaneous reeeptors e. nail h. sweat gland—eeerine 

e. hair f. sebaceous glands 

_ 1. produces an accumulation of oily material that is known as a blaekhead 

_ 2. tiny muscles, attaehed to hair follieles, that pull the hair upright during fright or eold 

_ 3. sweat glands with a role in temperature eontrol 

_ 4. sheath formed of both epithelial and eonneetive tissues 

_ 5. less numerous type of sweat-producing gland; found mainly in the pubic and axillary regions 

_ 6. found everywhere on the body except the palms of hands and soles of feet (two from key) 

_ 7. primarily dead/keratinized eells (two from key) 

_ 8. speeialized nerve endings that respond to temperature, touch, ete. 

_ 9. seeretes a lubricant for hair and skin 

_ 10. “sports” a lunule and a cuticle 
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Revievv Sheet 7 


10. Deseribe two integumentary system meehanisms that help in regulating body temperature. 


11. Several structures or skin regions are listed below. Identify eaeh by matehing its letter with the appropriate area on the figure. 

a. adipose eells 

b. 

e. 

d. 

e. 

f. 


Plotting the Distribution of Sweat Glands 

12. With what substance in the bond paper does the iodine painted on the skin reaet?_ 

13. Based on elass data, which skin area—the forearm or palm of hand—has more sweat glands? 

Was this an expected result?_Explain._ 


Which other body areas would, if tested, prove to have a high density of sweat glands? 


14. What organ system eontrols the aetivity of the eeerine sweat glands? 

Dermography: Fingerprinting 

15. Why ean fingerprints be used to identify individuals? 


16. Name the three eommon fingerprint patterns. 

_,_, and 


= - 


dermis 


epidermis 


hair folliele 


hair shaft 


sloughing stratum corneum eells 


/ 






































A T E 



I A L S 


□ Long bone savved longitudinally 
(beef bone from a slaughterhouse, 
if possible, or prepared laboratory 
speeimen) 

□ Disposable gloves 

□ Long bone soaked in 10% hydroehlorie 
aeid (HCI) (or vinegar) until flexible 

□ Long bone baked at 250°F for more 
than 2 hours 

□ Compound mieroseope 

□ Prepared slide of ground bone (x.s.) 

□ Three-dimensional model of 
mieroseopie structure of eompaet bone 

□ Prepared slide of a developing long 
bone undergoing endoehondral 
ossifieation 

□ Articulated skeleton 


Overview 




Skeleton: 


eiassifieation and Structure 
of Bones and Cartilages 







OBJEGTIVES 


x 


1. Name the tvvo tissue types that form the skeleton. 

2. List the functions of the skeletal system. 

3. Loeate and identify the three major types of skeletal eartilages. 

4. Name the four main groups of bones based on shape. 

5. Identify surface bone markings and list their functions. 

6. Identify the major anatomieal areas on a longitudinally cut long bone or on 
an appropriate image. 

7. Explain the role of inorganie salts and organie matrix in providing flexibility 
and hardness to bone. 

8. Loeate and identify the major parts of an osteon mieroseopieally, or on a 
histologieal model or appropriate image of eompaet bone. 



P R E - L A 



Q U I Z 


M 



MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 



A&PFIix A&PFIix 

Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 


j 


1. All the following are functions of the skeleton except: 

a. attaehment for muscles 

b. production of melanin 

e. site of red blood eell formation 
d. storage of lipids 

2. Circle the eorreet underlined term. The axial / appendicular skeleton eonsists 
of bones that surround the body's eenter of gravity. 

3. The type of eartilage that has the greatest strength and is found in the knee 
joint and intervertebral dises is 

a. elastie b. fibroeartilage e. hyaline 

4. Circle the eorreet underlined term. Compact / Spongy bone looks smooth 
and homogeneous. 

5. _bones are generally thin and have a layer of spongy bone 

between two layers of eompaet bone. 

a. Flat b. Irregular e. Long d. Short 

6. The femur is an example of a(n)_bone. 

a. flat b. irregular e. long d. short 

7. Circle the eorreet underlined term. The shaft of a long bone is known as the 
epiphysis / diaphysis . 

8. The structural unit of eompaet bone is the 
a. osteon b. canaliculius e. Iacuna 

9. Circle True or False. Embryonie skeletons eonsist primarily of elastie eartilage, 
which is gradually replaeed by bone during development and growth. 

10. Circle True or False. Cartilage has a eovering made of dense eonneetive 
tissue ealled a periosteum. 
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Exercise 8 


he skeleton, the body’s framework, is eonstmeted of 
two of the most supportive tissues found in the human 
body—eartilage and bone. In embryos, the skeleton is 
predominantly made up of hyaline eartilage, but in the adult, 
most of the eartilage is replaeed by more rigid bone. Cartilage 
persists only in such isolated areas as the external ear, bridge 
of the nose, larynx, traehea, joints, and parts of the rib eage 
(see Figure 8.2). 


Besides supporting and proteeting the body as an in- 
ternal framework, the skeleton provides a system of levers 
with which the skeletal muscles work to move the body. In 
addition, the bones store lipids and many minerals (most im- 
portantly calcium). Finally, the red marrow eavities of bones 
provide a site for hematopoiesis (blood eell formation). 

The skeleton is made up of bones that are eonneeted at 
joints , or articulations. The skeleton is subdivided into two 



Bones of 
peetoral 



(a) Anterior view 


(b) Posterior view 


Figure 8.1 The human skeleton. The bones of the axial skeleton are eolored green 
to distinguish them from the bones of the appendicular skeleton. 
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Epiglottis 


Cartilage in 
external ear 


Cartilages in 


nose 


Artieiilar 
eartilage 
of a joint 


Cartilage 
in intervertebral 
dise 


Costal 

eartilage 



Thyroid - 
eartilage 


Cricoid 








eartilage 


L_J 









f 




Larynx 


á 




Traehea 


Tv ^ 

i\ V 




* 


Pubic 
symphysis 

Meniscus (padlike 
eartilage in 
knee joint) 


Articular eartilage 
of a joint 


divisions: the axial skeleton (those bones that lie around 
the body’s eenter of gravity) and the appendicular skeleton 
(bones of the limbs, or appendages) (Figiire 8.1). 

Before beginning your study of the skeleton, imagine for 
a moment that your bones have turned to putty. What if you 
were mnning when this ehange took plaee? Now imagine 
your bones forming a continuous metal framework within 
your body, somewhat like a network of plumbing pipes. What 
problems could you envision with this arrangement? These 
images should help you understand how well the skeletal 
system provides support and proteetion, as well as faeilitating 
movement. 









Respiratory 


tube eartilages 
in neek and thorax 


Bones of skeleton 


Cartilages 



Axial skeleton 
Appendicular skeleton 



Hyaline eartilages 
Elastie eartilages 
Fibroeartilages 


Figure 8.2 Cartilages in the adult skeleton and body. 

Additional eartilages that support the respiratory tubes 
and larynx are shovvn separately at the upper right. 


Cartilages of the Skeleton 

As mentioned earlier, cartilaginous regions of the skeleton 
have a fairly limited distribution in adults (Figure 8.2). The 
most important of these skeletal eartilages are (1) articular 
eartilages, which eover the bone ends at movable joints; (2) 
eostal eartilages, found eonneeting the ribs to the sternum 
(breastbone); (3) laryngeal eartilages, which largely eon- 
strnet the larynx (voiee box); (4) traeheal and bronehial 
eartilages, which reinforee other passageways of the respira- 
tory system; (5) nasal eartilages, which support the external 
nose; (6) intervertebral dises, which separate and cushion 
bones of the spine (vertebrae); and (7) the eartilage support- 
ing the external ear. 

The skeletal eartilages eonsist of some variety of earti- 
lage tissue, which typieally eonsists primarily of water and is 
fairly resilient. Cartilage tissues are also distinguished by the 
faet that they eontain no nerves and very few blood vessels. 
Like bones, eaeh eartilage is surrounded by a eovering of 
dense eonneetive tissue, ealled a perichondrium (rather than 
a periosteum), which aets to resist distortion of the eartilage 
when it is subjected to pressure, and plays a role in eartilage 
growth and repair. 
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Exercise 8 


The skeletal eartilages have representatives from eaeh of 
the three eartilage tissue types—hyaline, elastie, and fibroear- 
tilage. (Sinee you have already studied eartilage tissues in Ex- 
ereise 6, we will only briefly discuss that information here.) 

• Hyaline eartilage provides sturdy support with some 
resilienee or “giveMost skeletal eartilages are eomposed of 
hyaline eartilage (Figure 8.2). 

• Elastie eartilage is much more flexible than hyaline 
eartilage, and it tolerates repeated bending better. Only the 
eartilages of the external ear and the epiglottis (which flops 
over and eovers the larynx when we swallow) are elastie ear- 
tilage. 

• Fibroeartilage eonsists of rows of ehondroeytes alter- 
nating with rows of thiek eollagen fibers. Fibroeartilage, 
which has great tensile strength and ean withstand heavy 
eompression, is used to eonstmet the intervertebral dises and 
the eartilages within the knee joint (see Figure 8.2). 

Oassifieation of Bones 

The 206 bones of the adult skeleton are eomposed of two 
basie kinds of osseous tissue that differ in their texture. Compact 
bone looks smooth and homogeneous; spongy (or eaneellom ) 
bone is eomposed of small trabeculae (bars) of bone and lots 
of open spaee. 

Bones may be elassified further on the basis of their 
relative gross anatomy into four groups: long, short, flat, and 
irregular bones. 

Long bones, such as the femur and phalanges (bones 
of the fingers) (Figure 8.1), are much longer than they are 
wide, generally eonsisting of a shaft with heads at either end. 
Fong bones are eomposed predominantly of eompaet bone. 
Short bones are typieally cube shaped, and they eontain more 
spongy bone than eompaet bone. The tarsals and earpals are 
examples (see Figure 8.1). 

Flat bones are generally thin, with two waferlike lay- 
ers of eompaet bone sandwiching a layer of spongy bone 
between them. Although the name “flat bone” implies a strne- 
ture that is level or horizontal, many flat bones are curved (for 
example, the bones of the skull). Bones that do not fall into 
one of the preeeding eategories are elassified as irregular 
bones. The vertebrae are irregular bones (see Figure 8.1). 

Some anatomists also reeognize two other subcategories 
of bones. Sesamoid bones are speeial types of short bones 
formed in tendons. The patellas (kneeeaps) are sesamoid 
bones. Sutural bones are tiny bones between eranial bones. 
Except for the patellas, the sesamoid and sutural bones are 
not included in the bone count of 206 because they vary in 
number and loeation in different individuals. 

Bone Markings 

Even a casual observation of the bones will reveal that bone 
surfaces are not featureless smooth areas but are searred with 
an array of bumps, holes, and ridges. These bone markings 
reveal where bones form joints with other bones, where mus- 
eles, tendons, and ligaments were attaehed, and where blood 
vessels and nerves passed. Bone markings fall into two eat- 
egories: projeetions, or proeesses that grow out from the bone 
and serve as sites of muscle attaehment or help form j oints; 


and depressions or eavities, indentations or openings in the bone 
that often serve as conduits for nerves and blood vessels. (The 
bone markings are summarized in Table 8.1 on page 112.) 

Gross Anatomy of the Typieal 
Long Bone 


A C T I V I T Y 1 


Examining a Long Bone 

1. Obtain a long bone that has been sawed along its lon- 
gitudinal axis. If a eleaned dry bone is provided, no speeial 
preparations need be made. 

| Note: If the bone supplied is a fresh beef bone, don 

* disposable gloves before beginning your observations. 

Identify the diaphysis or shaft (Figiire 8.3 may help). Ob- 
serve its smooth surface, which is eomposed of eompaet 
bone. If you are using a fresh speeimen, carefully pull away 
the periosteum, or fibrous membrane eovering, to view 
the bone surface. Notiee that many fibers of the periosteum 
penetrate into the bone. These fibers are ealled perforating 
(Sharpey’s) fibers. Blood vessels and nerves travel through 
the periosteum and invade the bone. Osteoblasts (bone-forming 
eells) and osteoelasts (bone-destroying eells) are found on the 
inner, or osteogenie, layer of the periosteum. 

2. Now inspeet the epiphysis, the end of the long bone. No- 
tiee that it is eomposed of a thin layer of eompaet bone that 
eneloses spongy bone. 

3. Identify the articular eartilage, which eovers the epiph- 
yseal surface in plaee of the periosteum. The glassy hyaline 
eartilage provides a smooth surface to minimize frietion at 
joints. 

4. If the animal was still young and growing, you will be 
able to see the epiphyseal plate, a thin area of hyaline earti- 
lage that provides for longitudinal growth of the bone during 
youth. Onee the long bone has stopped growing, these areas 
are replaeed with bone and appear as thin, barely diseernible 
remnants—the epiphyseal lines. 

5. In an adult animal, the eentral eavity of the shaft (med- 
ullary eavity) is essentially a storage region for adipose tis- 
sue, or yellow marrow. In the infant, this area is involved 
in forming blood eells, and so red marrow is found in the 
marrow eavities. In adult bones, the red marrow is eonfined 
to the interior of the epiphyses, where it occupies the spaees 
between the trabeculae of spongy bone. 

6. If you are examining a fresh bone, look carefully to see if 
you ean distinguish the delieate endosteum lining the shaft. 
The endosteum also eovers the trabeculae of spongy bone and 
lines the eanals of eompaet bone. Fike the periosteum, the 
endosteum eontains both osteoblasts and osteoelasts. As the 
bone grows in diameter on its external surface, it is eonstantly 
being broken down on its inner surface. Thus the thiekness 
of the eompaet bone layer eomposing the shaft remains rela- 
tively eonstant. 

| 7. If you have been working with a fresh bone speei- 

* men, return it to the appropriate area and properly 
dispose of your gloves, as designated by your instmetor. Wash 
your hands before continuing to the mieroseope study. H 
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Proximal 
epiphysis 


Diaphysis 


Distal 
epiphysis 



Articular 

eartilage 


Spongy bone 



Compact bone 


Epiphyseal 

line 

Periosteum 


Compact bone 

Medullary 
eavity (lined 
by endosteum) 


Yellow 
bone marrow 


Compact bone 



Periosteum 


Perforating 

(Sharpey’s) 

fibers 


Nutrient 

arteries 


Endosteum 



(a) 


(e) 


Figiire 8.3 The structure of a long bone (humerus of the arm). (a) Anterior view 
with longitudinal seetion cut away at the proximal end. (b) Pie-shaped, three-dimensional 
view of spongy bone and eompaet bone of the epiphysis. (e) Cross seetion of diaphysis 
(shaft). Note that the external surface of the diaphysis is eovered by a periosteum f but 
the articular surface of the epiphysis is eovered with hyaline eartilage. 


Longitudinal bone growth at epiphyseal plates 
(growth plates) follows a predietable sequence and 
provides a reliable indieator of the age of ehildren exhibiting 
normal growth. In eases in which problems of long-bone 
growth are suspected (for example, pituitary dwarfism), X rays 
are taken to view the width of the growth plates. An abnormally 
thin epiphyseal plate indieates growth retardation. + 


ehemieal Composition of Bone 

Bone is one of the hardest materials in the body. Although 
relatively light, bone has a remarkable ability to resist ten- 
sion and shear forees that continually aet on it. An engineer 
would tell you that a eylinder (like a long bone) is one of the 
strongest structures for its mass. Thus nature has given us an 
extremely strong, exceptionally simple and flexible support- 
ing system without saerifieing mobility. 


The hardness of bone is due to the inorganie calcium salts 
deposited in its ground substance. Its flexibility eomes from the 
organie elements of the matrix, particularly the eollagen fibers. 


AOTIVITY 2 



Examining the Effeets of Heat 
and Hydroehlorie Aeid on Bones 

Obtain a bone sample that has been soaked in hydroehlorie 
aeid (HC1) (or in vinegar) and one that has been baked. Heat- 
ing removes the organie part of bone, while aeid dissolves 
out the minerals. Do the treated bones retain the structure of 
untreated speeimens? 
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Exercise 8 


lllustration 


Table 8.1 



Bone Markings 


Name of bone marking Deseription 


Projeetions That Are Sites of Muscle and Ligament Attaehment 


Tuberosity 


Crest 

Troehanter 


Line 


Tubercle 

Epieondyle 

Spine 

Proeess 


Large rounded projeetion; may 
be roughened 

Narrow ridge of bone; usually prominent 

Very large, blunt, irregularly shaped 
proeess (the only examples are on 
the femur) 

Narrow ridge of bone; less 
prominent than a erest 

Small rounded projeetion or proeess 

Raised area on or above a eondyle 

Sharp, slender, often pointed projeetion 

Any bony prominenee 


Projeetions That Help Form Joints 



Coxal 

bone 


Vertebra 


Troehanters 


isehial 

spine 


isehial 

tuberosity 



Spinous 

proeess 


Femur 

of 

thigh 



intertroehanterie 


Adductor 

tubercle 


Medial 

epieondyle 


Head 

Bony expansion earried 
on a narrow neek 

Faeet 

Smooth, nearly flat articular surface 

Condyle 

Rounded articular projeetion 

Ramus 

Armlike bar of bone 


Depressions and Openings for Passage of Blood Vessels and Nerves 


Groove 

Furrow 


Fissure 

Narrow, slitlike opening 


Foramen 

Round or oval opening 
through a bone 

Meatus 

Noteh 

Indentation at the edge 
of a structure 

Fossa - 

Others 


Noteh - 

Meatus 

Canal-like passageway 

Groove 

Sinus 

Bone eavity, filled with air and 
lined with mucous membrane 


Fossa 

Shallow basinlike depression in a bone, 
often serving as an articular surface 




Sinus 



Condyle 


Ramus 


Mandible 


Inferior 

orbital 

fissure 


Foramen 


Skull 



Gently apply pressure to eaeh bone sample. What happens to What does baking appear to do to the bone? 
the heated bone? 


In riekets, the bones are not properly ealeified. Which of the 
What happens to the bone treated with aeid? demonstration speeimens would more elosely resemble the 

bones of a ehild with riekets? 



What does the aeid appear to remove from the bone? 
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Mieroseopie Structure 
of Compact Bone 

As you have seen, spongy bone has a spiky, open-work ap- 
pearanee, resulting from the arrangement of the trabeculae 


that eompose it, whereas eompaet bone appears to be dense 
and homogeneous. However, mieroseopie examination of 
eompaet bone reveals that it is riddled with passageways ear- 
rying blood vessels, nerves, and lymphatie vessels that pro- 
vide the living bone eells with needed substances and a way 
to eliminate wastes. Indeed, bone histology is much easier to 






Central 
(Haversian) eanal 


Osteon 
(Haversian system) 


Circumferential 

lamellae 


(a) 


M *** 1 • \ 


Compact bone 


Spongy bone 



Perforating 
(Volkmann’s) eanal 


Endosteum lining 
bony eanals and 
eovering trabeculae 


Perforating (Sharpey’s) fibers 


Lamellae 







Periosteal blood vessel 
Periosteum 


Nerve 


Vein 


Artery 



Canaliculus 


Osteoeyte 
in a lacuna 

(b) 


Lamellae 


Central 

eanal 


Lacunae 



(e) Interstitial Lacuna (with osteoeyte) 

lamellae 


Figure 8.4 Mieroseopie structure of eompaet bone. (a) Diagrammatie view of a 
pie-shaped segment of eompaet bone # illiistrating its structural units (osteons). 

(b) Higher-magnifieation view of a portion of one osteon. Note the position of 
osteoeytes in lacunae. (e) Photomierograph of a eross-seetional view of an osteon (320x). 
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Exercise 8 


understand when you reeognize that bone tissue is organized 
around its blood supply. 


A C T I V I T Y 3 




Examining the Mieroseopie Structure 
of Compact Bone 

1. Obtain a prepared slide of ground bone and examine it 
under low power. Focus on a eentral eanal (Figure 8.4). The 
eentral (Haversian) eanal mns parallel to the long axis of the 
bone and earries blood vessels, nerves, and lymphatie vessels 
through the bony matrix. Identify the osteoeytes (mature bone 
eells) in lacunae (ehambers), which are arranged in eoneentrie 
eireles ealled eoneentrie lamellae around the eentral eanal. 
Because bone remodeling is going on all the time, you will 
also see some interstitial lamellae, remnants of circumferential 
lamellae that have been broken down (Figure 8.4c). 

A eentral eanal and all the eoneentrie lamellae surround- 
ing it are referred to as an osteon, or Haversian system. 
Also identify canaliculi, tiny eanals radiating outward from a 
eentral eanal to the lacunae of the first lamella and then from 
lamella to lamella. The canaliculi form a dense transportation 
network through the hard bone matrix, eonneeting all the liv- 
ing eells of the osteon to the nutrient supply. The canaliculi 
allow eaeh eell to take what it needs for nourishment and to 
pass along the excess to the next osteoeyte. You may need a 
higher-power magnifieation to see the fine canaliculi. 

2. Also note the perforating (Volkmann ’s) eanals (Figure 8.4). 
These eanals run at right angles to the shaft and eomplete the 
communication pathway between the bone interior and its 
external surface. 


3. If a model of bone histology is available, identify the 
same structures on the model. H 


Ossifieation: Bone Formation 
and Growth in Length 

Except for the eollarbones (elavieles), all bones of the body 
inferior to the skull form in the embryo by the proeess of 
endoehondral ossifieation, which uses hyaline eartilage 
í4 bones” as patterns for bone formation. The major events of 
this proeess, which begins in the (primary ossifieation) eenter 
of the shaft of a developing long bone, are: 

• Blood vessels invade the perichondrium eovering the 
hyaline eartilage model and eonvert it to a periosteum. 

• Osteoblasts at the inner surface of the periosteum seerete 
bone matrix around the hyaline eartilage model, forming a 
bone eollar. 

• Oartilage in the shaft eenter ealeifies and then hollows 
out, forming an internal eavity. 

• A periosteal bud (blood vessels, nerves, red marrow ele- 
ments, osteoblasts, and osteoelasts) invades the eavity and 
forms spongy bone, which is removed by osteoelasts, pro- 
ducing the medullary eavity. This proeess proeeeds in both 
direetions from the primary ossifieation eenter. 

As bones grow longer, the medullary eavity gets larger 
and larger. Chondroblasts lay down new eartilage matrix on 



Calcified 
eartilage 
spicule 

Osteoblast 
depositing 
bone matrix 


Osseous 

tissue 

(bone) 

eovering 

eartilage 

spicules 



Resting zone 



© Proliferation 
zone 

Oartilage eells 
undergo mitosis. 


© Hypertrophie 
zone 

Older eartilage 
eells enlarge. 

(3) Calcification 
zone 

Matrix ealeifies; 
eartilage eells die; 
matrix begins 
deteriorating; 
blood vessels 
invade eavity. 

(4) Ossifieation 
zone 

New bone forms. 


Figiire 8.5 Growth in length of a long bone occurs at the 
epiphyseal plate. The side of the epiphyseal plate faeing 
the epiphysis (distal faee) eontains resting eartilage eells. 
The eells of the epiphyseal plate proximal to the resting 
eartilage area are arranged in four zones—proliferation, 
hypertrophic # calcification # and ossifieation—from the 
region of the earliest stage of growth ©to the region 
where bone is replaeing the eartilage @(125x). 


the epiphyseal faee of the epiphyseal plate, and it is eroded 
away and replaeed by bony spicules on the side faeing the 
medullary eavity (Figure 8.5). This proeess continues until 
late adoleseenee when the entire epiphyseal plate is replaeed 
by bone. 


AOTIVITY 4 



Examination of the Osteogenie 
Epiphyseal Plate 

Obtain a slide depieting endoehondral ossifieation (eartilage 
bone formation) and bring it to your beneh to examine under the 
mieroseope. Identify the proliferation, hypertrophie, ealeifiea- 
tion, and ossifieation zones of the epiphyseal plate (Figure 8.5). 
Then, also identify the area of resting eartilage eells distal to the 
growth zone, some hypertrophied ehondroeytes, bony spicules, 
the periosteal bone eollar, and the medullary eavity. M 









Name_ 

Lab Time/Date 



Cartilages of the Skeleton 


1. Using the key ehoiees, identify eaeh type of eartilage deseribed (in terms of its body loeation or function) below 


Key: a. elastie 


b. fibroeartilage 


e. 


hyaline 



1. supports the external ear 


6. meniscus in a knee joint 


> 


2. between the vertebrae 

3. forms the walls of the voiee box 
(larynx) 


7. eonneets the ribs to the sternum 

8. most effeetive at resisting 
eompression 



4. the epiglottis 


9. most springy and flexible 


_5. articular eartilages _10. most abundant 

eiassifieation of Bones 

2. The four major anatomieal elassifieations of bones are long, short, flat, and irregular. Which eategory has the least 


amount of spongy bone relative to its total volume? 


3. Plaee the name of eaeh labeled bone in Figure 8.1, page 108, into the appropriate column of the ehart here. 


Long 

Short 

Flat 

lrregular 
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Revievv Sheet 8 


Bone Markings 


4. Mateh the terms in column B with the appropriate deseription in column A 


Column A 


Column B 


1 . 

sharp, slender proeess* 

a. 

eondyle 

2. 

small rounded projeetion* 

b. 

erest 

3. 

narrow ridge of bone* 

e. 

epieondyle 

4. 

large rounded projeetion 

d. 

faeet 

5. 

structure supported on neek 1 

e. 

fissure 

6. 

armlike projeetion 1 

f. 

foramen 

7. 

rounded, articular projeetion 1 

g- 

fossa 

8. 

narrow opening^ 

h. 

head 

9. 

eanal-like structure 

• 

ì. 

meatus 

10. 

round or oval opening through a bone^ 

• 

J- 

proeess 

11. 

shallow depression 

k. 

ramus 

12. 

air-filled eavity 

1 . 

sinus 

13. 

large, irregularly shaped projeetion* 

m. 

spine 

14. 

raised area on or above a eondyle 

n. 

troehanter 

15. 

projeetion or prominenee 

0 . 

tubercle 

16. 

smooth, nearly flat articular surface 1 

P- 

tuberosity 


*a site of muscle and ligament attaehment 
t takes part in joint formation 
T a passageway for nerves or blood vessels 


Gross Anatomy of the Typieal Long Bone 

5. Use the terms below to identify the structures marked by leader lines and braees in the diagrams. (Diagrams appear on the 
following page; some terms are used more than onee.) 


Key: a. articular eartilage 

b. eompaet bone 
e. diaphysis 
d. endosteum 


e. epiphyseal line 

f. epiphysis 

g. medullary eavity 

h. nutrient artery 


ì. 

J- 


periosteum 
red marrow 


k. trabeculae of spongy bone 


1 . 


yellow marrow 


6 . Mateh the terms in question 5 with the information below. 


1. eontains spongy bone in adults 


5. seientifie term for bone shaft 


2. made of eompaet bone 


6. eontains fat in adult bones 


3. site of blood eell formation 


7. growth plate remnant 


4. major submembranous sites of osteoelasts 


8. major submembranous site of osteoblasts 
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V 

ì 

PTv‘ * 7 


— 'bfj 


m 

« | 14 








i* 


(type of 
marrow) 




i 


I*:: 


W ■- 



(eovering) 


(b) 


(a) 


(e) 


7. What differenees between eompaet and spongy bone ean be seen with the naked eye? 


8. What is the function of the periosteum? 


ehemieal Composition of Bone 

9. What is the fimetion of the organie matrix in bone?_ 

10. Name the important organie bone eomponents._ 

11. Calcium salts form the bulk of the inorganie material in bone. What is the function of the calcium salts? 


12 . Bakingremoves 


from bone. Soaking bone in aeid removes 
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Revievv Sheet 8 


Mieroseopie Structure of Compact Bone 

13. Traee the route taken by nutrients through a bone, starting with the periosteum and ending with an osteoeyte in a lacuna. 
Periosteum 


osteoeyte 


14. Several deseriptions of bone structure are given below. Identify the structure mvolved by ehoosing the appropnate term from 
the key and plaeing its letter in the blank. Then, on the photomierograph of bone on the right (210x), identify all structures 
named in the key and braeket an osteon. 

Key: a. canaliculi b. eentral eanal e. eoneentrie lamellae d. lacunae e. matrix 


_1. layers of bony matrix around a eentral 

eanal 

_2. site of osteoeytes 

_3. longitudinal eanal earrying blood 

vessels, lymphaties, and nerves 

_4. minute eanals eonneeting osteoeytes 

of an osteon 

_5. inorganie salts deposited in organie 

ground substance 

Ossifieation: Bone Formation 
and Grovvth in Length 

15. Compare and eontrast events occurring on the epiphyseal 

and diaphyseal faees of the epiphyseal plate. 



Epiphyseal faee: 


Diaphyseal faee: 




















The Axia Ske eton 


MATERIALS 

□ Intaet sku11 and Beauchene skull 

□ X rays of individuals vvith seoliosis, 
lordosis, and kyphosis (if available) 

□ Artiojlated skeleton, articulated 
vertebral column, removable 
intervertebral dises 

□ Isolated eervieal, thoraeie, and lumbar 
vertebrae, saemrn, and coccyx 

□ Isolated fetal skull 


OBJEOTIVES 

1. Name the three parts of the axial skeleton. 

2. Identify the bones of the axial skeleton, either by examining isolated 
bones or by pointing them out on an articulated skeleton or skull, and 
name the important bone markings on eaeh. 

3. Name and deseribe the different types of vertebrae. 

4. Discuss the importanee of intervertebral dises and spinal curvatures. 

5. Identify three abnormal spinal curvatures. 

6. List the eomponents of the thoraeie eage. 

7. Identify the bones of the fetal skull by examining an articulated skull or 
image. 

8. Define fontanelle and discuss the function and fate of fontanelles in the 
fetus. 




9. Discuss important differenees betvveen the fetal and adult skulls. 


PRE-LAB Q U I Z 


M 



MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you vvill find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 




A&PFIix A&PFIix 

Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 


J 


1. The axial skeleton ean be divided into the skull, the vertebral column, and 

the_. 

a. thoraeie eage e. hip bones 

b. femur d. humerus 

2. Eight bones make up the_, vvhieh eneloses and proteets the 

brain. 

a. cranium b. faee e. skull 

3. Hovv many bones of the skull are eonsidered faeial bones?_ 

4. Circle the eorreet underlined term. The lovver javvbone, or maxilla / 
mandible, articulates vvith the temporal bones in the only freely movable 
joints in the skull. 

5. Circle the eorreet underlined term. The bodv / spinous proeess of a typieal 
vertebra forms the rounded, eentral portion that faees anteriorly in the 
human vertebral column. 

6. The seven bones of the neek are ealled_vertebrae. 

a. eervieal b. Iumbar e. spinal d.thoraeie 

7. The_vertebrae articulate vvith the eorresponding ribs. 

a. eervieal b. Iumbar e. spinal d.thoraeie 

8. The_, eommonly referred to as the breastbone, is a flat bone 

formed by the fusion of three bones: the manubrium, the body, and the 
xiphoid proeess. 

a. coccyx b. sacrum e. sternum 

9. Circle True or False. The first seven pairs of ribs are ealled floating ribs 
because they have only indireet eartilage attaehments to the sternum. 

10. Afontanelle_. 

a. is found only in the fetal skull 

b. is a fibrous membrane 

e. allovvs for eompression of the skull during birth 
d. all of the above 
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Exercise 9 


T he axial skeleton (the green portion of Figure 8.1 on 

page 108) ean be divided into three parts: the skull, the 
vertebral column, and the thoraeie eage. 

The Skiill 

The skull is eomposed of two sets of bones. Those of the 
cranium enelose and proteet the fragile brain tissue. The 
faeial bones support the eyes and position them anteriorly. 
They also provide attaehment sites for faeial muscles, which 
make it possible for us to present our feelings to the world. 
All but one of the bones of the skull are joined by interloek- 
ing joints ealled sutures. The mandible, or lower jawbone, 
is attaehed to the rest of the skull by a freely movable joint. 


A C T I V I T Y 1 


Identifying the Bones of the Skull 

The bones of the skull (Figures 9.1-9.8) are deseribed be- 
low. As you read through this material, identify eaeh bone on 
an intaet and/or Beauchene skull (see Figure 9.6c). 

Note: Important bone markings are listed beneath the bones 
on which they appear, and a eolor-eoded dot before eaeh bone 
name eorresponds to the bone eolor in the figures. H 


Important markings assoeiated with the flaring squamous part 
(Figures 9.1 and 9.2) include: 

Squamous suture: Point of articulation of the temporal bone 
with the parietal bone. 

Zygomatie proeess: A bridgelike projeetion joining the 
zygomatie bone (eheekbone) anteriorly. Together these two 
bones form the zygomatie areh. 

Mandibular fossa: Rounded depression on the inferior sur- 
faee of the zygomatie proeess (anterior to the ear); forms the 
soeket for the eondylar proeess of the mandible, where the 
mandible (lower jaw) joins the cranium. 

Tympanie part markings (Figures 9.1 and 9.2) include: 

External acoustic meatus: Canal leading to eardmm and 
middle ear. 

Styloid (stylo = stake, pointed objeet) proeess: Needlelike 
projeetion inferior to external acoustic meatus; attaehment 
point for muscles and ligaments of the neek. This proeess is 
often broken off demonstration skulls. 

The petrous part (Figures 9.2 and 9.3), which helps form the 
middle and posterior eranial fossae, eontains the labyrinth 
(holding the organs of hearing and balanee). It exhibits sev- 
eral obvious foramina with important functions and includes: 


The Cranium 

The cranium may be divided into two maj or areas for study— 
the eranial vault or ealvaria, forming the superior, lateral, 
and posterior walls of the skull, and the eranial base, forming 
the skull bottom. Internally, the eranial base has three distinet 
depressions: the anterior, middle, and posterior eranial fos- 
sae (see Figure 9.3). The brain sits in these fossae, eompletely 
enelosed by the eranial vault. 

Eight bones eonstmet the cranium. With the exception of 
two paired bones (the parietals and the temporals), all are 
single bones. Sometimes the six ossieles of the middle ear, 
part of the hearing apparatus, are also eonsidered part of the 
cranium. (The ossieles are deseribed in Exercise 25, Speeial 
Senses: Hearing and Equilibrium.) 

O Frontal Bone (Figures 9.1, 9.3, 9.6, and 9.8) Anterior 
portion of cranium; forms the forehead, superior part of 
the orbit, and floor of anterior eranial fossa. 

Supraorbital foramen (noteh): Opening above eaeh orbit 
allowing blood vessels and nerves to pass. 

Glabella: Smooth area between the eyes. 

O Parietal Bone (Figures 9.1 and 9.6) Posterolateral to the 
frontal bone, forming sides of cranium. 

Sagittal suture: Midline articulation point of the two parietal 
bones. 

Coronal suture: Point of articulation of parietals with frontal 
bone. 

O Temporal Bone (Figures 9.1, 9.2, 9.3, and 9.6) Inferior 
to parietal bone on lateral skull. The temporals ean be 
divided into three major parts: the squamous part bor- 
ders the parietals; the tympanie part surrounds the ex- 
ternal ear opening; and the petrous part forms the lateral 
portion of the skull base and eontains the mastoid proeess. 


Jugular foramen: Opening medial to the styloid proeess 
through which the internal jugular vein and eranial nerves 
IX, X, and XI pass. 

Carotid eanal: Opening medial to the styloid proeess through 
which the internal earotid artery passes into the eranial eavity. 

Internal acoustic meatus: Opening on posterior aspeet 
(petrous part) of temporal bone allowing passage of eranial 
nerves VII and VIII (Figure 9.3). 

Foramen lacerum: A jagged opening between the petrous 
temporal bone and the sphenoid providing passage for a 
number of small nerves and for the internal earotid artery to 
enter the middle eranial fossa (after it passes through part of 
the temporal bone). 

Stylomastoid foramen: Tiny opening between the mastoid 
and styloid proeesses through which eranial nerve VII leaves 
the cranium. 


Mastoid proeess: Rough projeetion inferior and posterior to 
external acoustic meatus; attaehment site for muscles. 

The mastoid proeess, full of air eavities and so elose 


to the middle ear—a trouble spot for infeetions— 
often beeomes infeeted too, a eondition referred to as mas- 
toiditis. Because the mastoid area is separated from the brain 
by only a thin layer of bone, an ear infeetion that has spread 
to the mastoid proeess ean inflame the brain eoverings, or the 
meninges. The latter eondition is known as meningitis. + 


Oeeipital Bone (Figures 9.1, 9.2, 9.3, and 9.6). Most 

posterior bone of cranium—forms floor and baek wall. 
Joins sphenoid bone anteriorly via its narrow basilar part. 


Lambdoid suture: Site of articulation of oeeipital bone and 
parietal bones. 

Foramen magnum: Large opening in base of oeeipital, 
which allows the spinal eord to join with the brain. 


(Text eontinnes on page 125.) 
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Coronal suture 


Parietal bone 


Temporal bone 


Lambdoid 

suture 


Squamous 
suture 

Oeeipital 
bone 

Zygomatie 
proeess 

Oeeipitomastoid 
suture 

External acoustic 
meatus 

Mastoid proeess 
Styloid proeess 


(a) 



Oondylar proeess 
Mandibular noteh 


Mandibular ramus 


Frontal bone 

Sphenoid bone 

(greater wing) 


Ethmoid bone 


Laerimal bone 


Laerimal fossa 


Nasal bone 


Zygomatie bone 
Maxilla 


Alveolar proeesses 


Mandible 

Mental foramen 


Mandibular angle 


Ooronoid proeess 


Ooronal suture 


Parietal bone 


Squamous 
suture 

Temporal bone 

Zygomatie 
proeess 

Lambdoid 
suture 

Oeeipital 
bone 

Oeeipitomastoid 

suture 


External acoustic 
meatus 

Mastoid proeess 


Styloid proeess 


Oondylar 

proeess 


Mandibular angle 



Frontal bone 

Sphenoid bone 

(greater wing) 


Ethmoid bone 


Laerimal bone 


Nasal bone 


Laerimal fossa 


Zygomatie bone 

Ooronoid proeess 


Maxilla 


Alveolar 

proeesses 


Mandible 

Mental foramen 

Mandibular noteh 
Mandibular ramus 


(b) 


Figure 9.1 External anatomy of the right lateral aspeet of the skull. (a) Diagram. 
(b) Photograph. 
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Exercise 9 


Hard 
palate 


Maxilla 

(palatine proeess) 


Palatine bone 

(horizontal plate) 


Zygomatie bone 


Temporal bone 

(zygomatie proeess) 


Vomer 


Mandibular 

fossa 


Styloid proeess 



Mastoid proeess 

Temporal bone 

(petrous part) 


Basilar part of the 
oeeipital bone 


Parietal bone 

External oeeipital erest 

External oeeipital 
protuberance 


ineisive fossa 
lntermaxillary suture 

Median palatine suture 

Infraorbital foramen 

Maxilla 

Sphenoid bone 

(greater wing) 

Foramen ovale 

Foramen spinosum 

Foramen lacerum 
Oarotid eanal 

External acoustic meatus 

Stylomastoid 

foramen 

Jugular foramen 

Oeeipital eondyle 

Inferior nuchal line 

Superior nuchal line 

Oeeipital bone 

Foramen magnum 



Hard palate 


Mandibular 

fossa 


Mastoid 

proeess 



Zygomatie 

areh 

Foramen ovale 
Foramen laeemm 
Foramen spinosum 

Oarotid eanal 
Styloid proeess 

Jugular foramen 
Oeeipital eondyle 


Foramen magnum 

Superior nuchal 
line 



Figure 9.2 Inferior view of the skull, mandible removed. 
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Ethmoid 

bone 


Cribriform plate 
Crista galli 


Anterior eranial fossa 


Sphenoid 


Lesser wing 
Greater wing 


Hypophyseal fossa 
of sella turcica 


Middle eranial 
fossa 

Temporal bone 

(petrous part) 

Internal acoustic 
meatus 

Jugular foramen 

Posterior 
eranial fossa 


Parietal bone 


Oeeipital bone 


Foramen magnum 


Frontal bone 


Cribriform foramina 


Optie eanal 


Foramen rotundum 
Foramen ovale 
Foramen laeemm 
Foramen spinosum 
Hypoglossal eanal 



Anterior eranial 
fossa 


Middle eranial 
fossa 


Posterior eranial 
fossa 


(a) 


(b) 


Ethmoid 

bone 


Orista galli 
Oribriform plate 


Anterior eranial fossa 


Sphenoid 


Lesser wing 
Greater wing 


Hypophyseal fossa 
of sella turcica 


Middle eranial 
fossa 


Temporal bone 

(petrous part) 


Posterior 
eranial fossa 


Parietal bone 


Oeeipital bone 



Foramen magnum 


Frontal bone 

Cribriform foramina 
Optie eanal 


Foramen rotundum 
Foramen ovale 
Foramen spinosum 
Foramen lacerum 


Jugular foramen 



Figure 9.3 Internal anatomy of the inferior portion of the skull. (a) Superior view of 
the base of the eranial eavity, ealvaria removed. (b) Sehematie view of the eranial base 
showing the extent of its major fossae. (e) Photograph of superior view of the base of 
the eranial eavity, ealvaria removed. 
































































Optie 

eanal 


* i V \ ■ ** ,' 


Greater 

wing 


Hypophyseal 
fossa of 
sella turcica 



Lesser 

wing 


Superior 

orbital 

fissure 

Foramen 

rotundum 

Foramen 

ovale 

Foramen 

spinosum 


Body of sphenoid 



(a) Superior view 


Greater 

wing 



Lesser 

wing 


Superior 

orbital 

fissure 


Pterygoid 

proeess 



(b) Posterior view 


Figure 9.4 The sphenoid bone. 



Crista galli 


Orbital 

plate 



Ethmoidal 
air eells 


Left 

lateral 

mass 


Perpendicular 

plate 


Middle 

nasal eoneha 



Figure 9.5 The ethmoid bone. Anterior view. The superior nasal eonehae are loeated 
posteriorly and are therefore not visible in the anterior view. 
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Parietal bone 


Squamous part 
of frontal bone 


Nasal bone 


Sphenoid bone 

(greater wing) 

Temporal bone 


Ethmoid bone 


Laerimal bone 


Zygomatie bone 


Infraorbital foramen 


Maxilla 


Mandible 


Mental 
foramen 



Frontal bone 


Glabella 


Frontonasal suture 


Supraorbital foramen 
(noteh) 

Supraorbital margin 

Superior orbital 
fissure 


Optie eanal 


Inferior orbital 
fissure 


Middle nasal eoneha 
Perpendicular plate 



Ethmoid 

bone 


Inferior nasal eoneha 


Vomer 


Sagittal suture 


Parietal bone 


Mandibular 

symphysis 


(a) 


Lambdoid 

suture 


Oeeipital bone 


External 

oeeipital 


protuberance 



Superior nuchal line 


Figure 9.6 Anatomy of the anterior and 
posterior aspeets of the skull. (a) Anterior 
aspeet. (b) Posterior aspeet. 


Oeeipitomastoid 

suture 


External 


oeeipital 

erest 


Oeeipital 

eondyle 


Temporal 

bone 

(mastoid 

proeess) 


Inferior nuchal 
line 


(b) 


Oeeipital eondyles: Rounded projeetions lateral to the fora- 
men magnum that articulate with the first eervieal vertebra 
(atlas). 

Hypoglossal eanal: Opening medial and superior to the 
oeeipital eondyle through which the hypoglossal nerve 
(eranial nerve XII) passes. 


External oeeipital erest and protuberance: Midline promi- 
nenees posterior to the foramen magnum. 

O Sphenoid Bone (Figures 9.1-9.4, 9.6, and 9.8) Bat- 
shaped bone forming the anterior plateau of the middle 
eranial fossa aeross the width of the skull. The sphenoid 
bone is the keystone of the cranium because it articulates 
with all other eranial bones. 
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Exercise 9 


Parietal bone 


Sphenoid bone- 

Temporal bone - 
Zygomatie bone 

Maxilla- 




Frontal bone 


Ethmoid bone 
Nasal bones 


Mandible 


Fìgure 9.6 (continued) (e) Frontal view of the Beauchene skull. 


Greater wings: Portions of the sphenoid seen exteriorly 
anterior to the temporal and forming a part of the eye orbits. 

Pterygoid proeesses: Inferiorly direeted trough-shaped pro- 
jeetions from the junction of the body and the greater wings. 

Superior orbital fissiires: Jagged openings in orbits provid- 
ing passage for eranial nerves III, IV, V, and VI to enter the 
orbit where they serve the eye. 

The sphenoid bone ean be seen in its entire width if the top of 
the cranium (ealvaria) is removed (Figure 9.3). 

Sella turcica (Turk’s saddle): A saddle-shaped region in the 
sphenoid midline. The seat of this saddle, ealled the hy- 
pophyseal fossa, surrounds the pituitary gland (hypophysis). 

Lesser wings: Bat-shaped portions of the sphenoid anterior 
to the sella turcica. 

Optie eanals: Openings in the bases of the lesser wings 
through which the optie nerves (eranial nerve II) enter the 
orbits to serve the eyes. 


Foramen rotundum: Opening lateral to the sella turcica 
providing passage for a braneh of the fifth eranial nerve. (This 
foramen is not visible on an inferior view of the skull.) 

Foramen ovale: Opening posterior to the sella turcica that 
allows passage of a braneh of the fifth eranial nerve. 

Foramen spinosum: Opening lateral to the foramen ovale 
through which the middle meningeal artery passes. 

O Ethmoid Bone (Figures 9.1, 9.3, 9.5, 9.6, and 9.8) 
Irregularly shaped bone anterior to the sphenoid. Forms 
the roof of the nasal eavity, upper nasal septum, and part 
of the medial orbit walls. 

Crista galli (eoek’s eomb): Vertieal projeetion providing a 
point of attaehment for the dura mater, helping to secure the 
brain within the skull. 

Cribriform plates: Bony plates lateral to the erista galli 
through which olfaetory fibers (eranial nerve I) pass to the 
brain from the nasal mucosa through the eribriform foramina. 
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Orbital surface 


Zygomatie 


proeess 

(cut) 



Articulates 
with frontal 
bone 

Frontal 

proeess 


Infraorbital 

foramen 

Anterior 

nasal 

spine 

Alveolar 

proeess 


Figure 9.7 Detailed anatomy of the mandible 
and maxilla. 


Temporomandibular 

joint 


Mandibular fossa 
of temporal bone 


Mandibular noteh 


Oondylar 

proeess 


Ramus 

of 


mandible 


Mandibular 

angle 


Ooronoid 

proeess 



Mandibular foramen 


Body of mandible 


Alveolar 

proeess 

Mental 

foramen 


(a) Maxilla, right lateral view 


(b) Mandible, right lateral view 


Together the eribriform plates and the midline erista galli 
form the horizontal plate of the ethmoid bone. 

Perpendicular plate: Inferior projeetion of the ethmoid that 
forms the superior part of the nasal septum. 

Lateral masses: Irregularly shaped and thin-walled bony 
regions flanking the perpendicular plate laterally. Their lateral 
surfaces (orbital plates) shape part of the medial orbit wall. 

Superior and middle nasal eonehae (turbinates): Thin, 
delieately eoiled plates of bone extending medially from the 
lateral masses of the ethmoid into the nasal eavity. The eon- 
ehae make air flow through the nasal eavity more effieient 
and greatly inerease the surface area of the mucosa that eov- 
ers them, thus inereasing the mucosa’s ability to warm and 
humidify ineoming air. 

Fadal Bones 

Of the 14 bones eomposing the faee, 12 are paired. Only the 
mandible and vomer are single bones. An additional bone, 
the hyoid bone, although not a faeial bone, is eonsidered here 
because of its loeation. 

# Mandible (Figures 9.1,9.6, and 9.7) The lowerjawbone, 
which articulates with the temporal bones in the only 
freely movable joints of the skull. 

Mandibular body: Horizontal portion; forms the ehin. 

Mandibular ramus: Vertieal extension of the body on either 
side. 

Condylar proeess: Articulation point of the mandible with 
the mandibular fossa of the temporal bone. 


Coronoid proeess: Jutting anterior portion of the ramus; site 
of muscle attaehment. 

Mandibular angle: Posterior point at which ramus meets 
the body. 

Mental foramen: Prominent opening on the body (lateral to 
the midline) that transmits the mental blood vessels and nerve 
to the lower j aw. 

Mandibular foramen: Open the lower jaw of the skull to 
identify this prominent foramen on the medial aspeet of the 
mandibular ramus. This foramen permits passage of the nerve 
involved with tooth sensation (mandibular braneh of eranial 
nerve V) and is the site where the dentist injeets Novoeain to 
prevent pain while working on the lower teeth. 

Alveolar proeess: Superior margin of mandible; eontains 
soekets in which the teeth lie. 

Mandibular symphysis: Anterior median depression indi- 
eating point of mandibular fusion. 

O Maxillae (Figures 9.1, 9.2, 9.6, and 9.7) Two bones 
fused in a median suture; form the upper jawbone and 
part of the orbits. All faeial bones, except the mandible, 
join the maxillae. Thus they are the main, or keystone, 
bones of the faee. 

Alveolar proeess: Inferior margin eontaining soekets in 
which teeth lie. 

Palatine proeesses: Form the anterior hard palate; meet 
medially in the intermaxillary suture. 

Infraorbital foramen: Opening under the orbit earrying the 
infraorbital nerves and blood vessels to the nasal region. 
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Exercise 9 


Roof of orbit 

• Lesser wing of 
sphenoid bone 

• Orbital plate of 
frontal bone 


Lateral wall of orbit 

• Zygomatie proeess 
of frontal bone 


Greater wing of 
sphenoid bone 


Orbital surface of 
zygomatie bone 


Inferior orbital fissure 


Infraorbital groove 


Zygomatie bone 


Supraorbital noteh 


Superior 
orbital fissure 


Optie eanal 



Infraorbital 

foramen 


Figure 9.8 Bones that form the orbit. 

Seven sku11 bones form the orbit # the 
bony eavity that surrounds the eye. They 
are frontal, sphenoid, ethmoid, laerimal, 
maxilla, palatine, and zygomatie. 


Medial wall 

• Sphenoid body 

• Orbital plate 

of ethmoid bone 

• Frontal proeess 
of maxilla 

• Laerimal bone 


Nasal bone 


Floor of orbit 

• Orbital proeess of 
palatine bone 

• Orbital surface of 
maxillary bone 

• Zygomatie bone 


ineisive fossa: Large bilateral opening loeated posterior to 

the eentral ineisor tooth of the maxilla and piereing the hard 

palate; transmits the nasopalatine arteries and blood vessels. 

O Laerimal Bone (Figures 9.1 and 9.6a) Fingernail-sized 
bones forming a part of the medial orbit walls between 
the maxilla and the ethmoid. Eaeh laerimal bone is 
piereed by an opening, the laerimal fossa, which serves 
as a passageway for tears (laerima = tear). 

O Palatine Bone (Figure 9.2 and Figure 9.8) Paired bones 
posterior to the palatine proeesses; form posterior hard 
palate and part of the orbit; meet medially at the median 
palatine suture. 

O Zygomatie Bone (Figures 9.1, 9.2, 9.6, and 9.8) Lateral 
to the maxilla; forms the portion of the faee eommonly 
ealled the eheekbone, and forms part of the lateral orbit. 
Its three proeesses are named for the bones with which 
they articulate. 

# Nasal Bone (Figures 9.1 and 9.6) Small rectangular 
bones forming the bridge of the nose. 

O Vomer (Figures 9.2 and 9.6) Blade-shaped bone 
(vomer = plow) in median plane of nasal eavity that 
forms the posterior and inferior nasal septum. 

O Inferior Nasal Conchae (Turbinates) (Figure 9.6a) 
Thin curved bones protmding medially from the lateral 
walls of the nasal eavity; serve the same purpose as the 
turbinate portions of the ethmoid bone. 


GROUP GHALLENGE 


Odd Bone Oiit 

Eaeh of the following sets eontains four bones. One of the 
listed bones does not share a eharaeteristie that the other 
three do. Circle the bone that doesn’t belong with the 
others and explain why it is singled out. What eharaeteristie 


is it missing? Sometimes there may be multiple reasons 
why the bone doesn’t belong with the others. Include as 
many as y ou ean think of but make sure it does not have the 
key eharaeteristie. Use an articulated skull, disarticulated 
skull bones, and the pictures in your lab manual to help 
you seleet and justify your answer. 


1. Which is the 
"odd bone"? 

Why is it the odd one out? 

Zygomatie bone 

Maxilla 

Vomer 

Nasal bone 


2. Which is the 
"odd bone"? 

Why is it the odd one out? 

Parietal bone 

Sphenoid bone 

Frontal bone 

Oeeipital bone 


3. Which is the 
"odd bone"? 

Why is it the odd one out? 

Laerimal bone 

Nasal bone 

Zygomatie bone 

Maxilla 
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Frontal 

sinus 

Ethmoidal 
air eells 

Sphenoidal 

sinus 

Maxillary 

sinus 




Frontal 

sinus 

Ethmoidal 
air eells 

Sphenoidal 

sinus 

Maxillary 

sinus 



Figure 9.9 Paranasal sinuses. (a) Anterior aspeet. 

(b) Medial aspeet. (e) Skull X ray shovving the paranasal 
sinuses # anterior vievv. 



Frontal 

sinuses 

Ethmoidal 
air eells 

Sphenoidal 

sinuses 

Maxillary 

sinuses 



eonneeting passageways between the sinuses and nasal pas- 
sages may beeome bloeked with thiek mucus or infectious 
material. Then, as the air in the sinus eavities is absorbed, a 
partial vacuum forms. The result is a sinus headaehe loealized 
over the inflamed sinus area. Severe sinus infeetions may 
require surgical drainage to relieve this painful eondition. + 

Hyoid Bone 

Not really eonsidered or counted as a skull bone, the hyoid 
bone is loeated in the throat above the larynx. It serves as a 
point of attaehment for many tongue and neek muscles. It 
does not articulate with any other bone and is thus unique. It 
is horseshoe shaped with a body and two pairs of horns, or 
cornua (Figure 9.10). 


Paranasal Sinuses 

Four skullbones—maxillary, sphenoid, ethmoid, andfrontal— 
eontain sinuses (mucosa-lined air eavities) that lead into 
the nasal passages (see Figure 9.5 and Figure 9.9). These 
paranasal sinuses lighten the faeial bones and may aet as 
resonanee ehambers for speeeh. The maxillary sinus is the 
largest of the sinuses found in the skull. 

Sinusitis, or inflammation of the sinuses, some- 


times occurs as a result of an allergy or baeterial 
invasion of the sinus eavities. In such eases, some of the 


AOTIVITY 2 



Palpating Skull Markings 

Palpate the following areas on yourself. Plaee a eheek mark 
in the boxes as you loeate the skull markings. Seek assistanee 
from your instmetor for any markings that you are unable to 
loeate. 


□ Zygomatie bone and areh. (The most prominent part 
of your eheek is your zygomatie bone. Follow the posterior 
course of the zygomatie areh to its junction with your tempo- 
ral bone.) 
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Exercise 9 




Greater horn 
Lesser horn 



Figure 9.10 Hyoid bone. 


□ Mastoid proeess (the rough area behind your ear). 

□ Temporomandibular joints. (Open and elose your jaws to 
loeate these.) 

□ Greater wing of sphenoid. (Find the indentation poste- 
rior to the orbit and superior to the zygomatie areh on your 
lateral skull.) 

□ Supraorbital foramen. (Apply firm pressure along the 
superior orbital margin to find the indentation resulting from 
this foramen.) 

□ Infraorbital foramen. (Apply firm pressure just inferior 
to the inferomedial border of the orbit to loeate this large fo- 
ramen.) 

□ Mandibular angle (most inferior and posterior aspeet of 
the mandible). 

□ Mandibular symphysis (midline of ehin). 

□ Nasal bones. (Run your index finger and thumb along 
opposite sides of the bridge of your nose until they 4í slip u 
medially at the inferior end of the nasal bones.) 

□ External oeeipital protuberance. (This midline projee- 
tion is easily felt by mnning your fingers up the furrow at the 
baek of your neek to the skull.) 

□ Hyoid bone. (Plaee a thumb and index finger beneath 
the ehin just anterior to the mandibular angles, and squeeze 
gently. Exert pressure with the thumb, and feel the horn of the 
hyoid with the index finger.) H 

The Vertebral Column 

The vertebral column, extending from the skull to the pel- 
vis, forms the body’s major axial support. Additionally, it 
surrounds and proteets the delieate spinal eord while al- 
lowing the spinal nerves to emerge from the eord via open- 
ings between adjaeent vertebrae. The term vertebral eoliimn 
might suggest a rigid supporting rod, but this is far from the 
trath. The vertebral column eonsists of 24 single bones ealled 
vertebrae and two eomposite, or fused, bones (the saeram 
and coccyx) that are eonneeted in such a way as to provide 
a flexible curved structure (Figure 9.11). Of the 24 single 
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Cervical curvature (eoneave) 
7 vertebrae, - C 7 

C 7 (vertebra 
prominens) 





Spinous 
proeess 

Transverse 

proeesses 





/ 


Thoraeie curvature 

(convex) 

12 vertebrae, 

T. -T 



i 


12 


Intervertebral 

dises 



Intervertebral 

foramen 


Lumbar curvature 

(eoneave) 

5 vertebrae, L., - 




Saeral curvature 

(convex) 

Saeram 

5 fused vertebrae 


Coccyx 

4 fused vertebrae 



Anterior view 


Right lateral view 


Figure 9.11 The vertebral column. Notiee the curvatures 
in the lateral view. (The terms convex and eoneave refer 
to the curvature of the posterior aspeet of the vertebral 
column.) 


vertebrae, the seven bones of the neek are ealled eervieal 
vertebrae; the next 12 are thoraeie vertebrae; and the 5 sup- 
porting the lower baek are lumbar vertebrae. Remembering 
eommon mealtimes for breakfast, lunch, and dinner (7 a.m., 
12 noon, and 5 p.m.) may help you to remember the number 
of bones in eaeh region. 

The vertebrae are separated by pads of fibroeartilage, 
intervertebral dises, that cushion the vertebrae and absorb 
shoeks. Eaeh dise has two major regions, a eentral gelatinous 
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nucleus pulposus that behaves like a fluid, and an outer ring 
of eneireling eollagen fibers ealled the anulus fibrosm that 
stabilizes the dise and eontains the pulposus. 

As a person ages, the water eontent of the dises 


deereases (as it does in other tissues throughout the 
body), and the dises beeome thinner and less eompressible. 
This situation, along with other degenerative ehanges such as 
weakening of the ligaments and tendons of the vertebral eol- 
umn, predisposes older people to a ruptured dise, ealled a 
herniated dise. In a herniated dise, the anulus fibrosus eom- 
monly ruptures and the nucleus pulposus protmdes (herni- 
ates) through it. This event typieally eompresses adjaeent 
nerves, causing pain. + 

The presenee of the dises and the curvatures ereate a 
springlike eonstmetion of the vertebral column that prevents 
shoek to the head in walking and mnning and provides flex- 
ibility to the body tmnk. The thoraeie and saeral curvatures of 
the spine are referred to as primary curvatures because they 
are present and well developed at birth. Later the seeond- 
ary curvatures are formed. The eervieal curvature beeomes 
prominent when the baby begins to hold its head up inde- 
pendently, and the lumbar curvature develops when the baby 
begins to walk. 



Seoliosis 


Kyphosis 



Lordosis 


Fìgure 9.12 Abnormal spinal curvatures 


A C T I V I T Y 3 


Examining Spinal Curvatures 

1. Observe the normal curvature of the vertebral column 
in the articulated vertebral column or laboratory skeleton 
(eompare it to Figure 9.11). Note the differenees between nor- 
mal curvature and three abnormal spinal curvatures seen in 
the figure— seoliosis, kyphosis, and lordosis (Figure 9.12). 
These abnormalities may result from disease or poor posture. 
Also examine X rays, if they are available, showing these 
same eonditions in a living patient. 

2. Then, using the articulated vertebral column (or an articu- 
lated skeleton), examine the freedom of movement between 
two lumbar vertebrae separated by an intervertebral dise. 

When the fibrous dise is properly positioned, are the spinal 
eord or peripheral nerves impaired in any way? 



Remove the dise and put the two vertebrae baek together. 
What happens to the nerve? 


What would happen to the spinal nerves in areas of malposi- 
tioned or “slipped” dises? 



Structure of a Typieal Vertebra 

Although they differ in size and speeifie features, all verte- 
brae have some features in eommon (Figure 9.13). 


Vertebral areh: Composed of pedieles, laminae, and a spi- 
nous proeess, it represents the junction of all posterior exten- 
sions from the vertebral body. 

Vertebral (spinal) foramen: Opening enelosed by the body 
and vertebral areh; a passageway for the spinal eord. 

Transverse proeesses: Two lateral projeetions from the ver- 
tebral areh. 

Spinous proeess: Single medial and posterior projeetion 
from the vertebral areh. 


Posterior 


Lamina 


Transverse 

proeess 


Superior 
articular 
proeess 
and 
faeet 


Pediele 



Vertebral 

areh 


Vertebral 

foramen 


(centrum) 


Anterior 


Body (or centrum): Rounded eentral portion of the vertebra, 
which faees anteriorly in the human vertebral column. 


Figure 9.13 A typieal vertebra, superior view. Inferior 
articulating surfaces not shown. 
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Exercise 9 


Posterior 



Posterior 

tubercle 

Posterior 

areh 


Transverse 


foramen 


Anterior areh 


Anterior tubercle 


Superior 

articular 

faeet 


Posterior 



Posterior areh 


Transverse 

proeess 


Transverse foramen 

Faeet for dens 


-Anterior areh 

Anterior tubercle 


Posterior tubercle 


Inferior 

articular 

faeet 


(a) Superior view of atlas (C.,) 


(b) Inferior view of atlas (C.,) 



Posterior 


C 


Inferior 
articular 
'S\ proeess 



Transverse 

proeess 


Dens 


Spinous 

proeess 



Lamina 


Pediele 


Superior 

articular 

faeet 

Body 


(e) Superior view of axis (C 2 ) 


Superior and inferior articular proeesses: Paired projee- 
tions lateral to the vertebral foramen that enable articulation 
with adjaeent vertebrae. The superior articular proeesses typi- 
eally faee toward the spinous proeess (posteriorly), whereas 
the inferior articular proeesses faee (anteriorly) away from 
the spinous proeess. 

Intervertebral foramina: The right and left pedieles have 
notehes (see Figure 9.15) on their inferior and superior sur- 
faees that ereate openings, the intervertebral foramina, for 
spinal nerves to leave the spinal eord between adjaeent ver- 
tebrae. 

(Figures 9.14-9.16 and fable 9.1 show how speeifie ver- 
tebrae differ; refer to them as you read the following seetions.) 

Cervical Vertebrae 

The seven eervieal vertebrae (referred to as Q through C 7 ) 
form the neek portion of the vertebral column. The first 
two eervieal vertebrae (atlas and axis) are highly modified 
to perform speeial functions (Figure 9.14). The atlas (C() 
laeks a body, and its lateral proeesses eontain large eoneave 
depressions on their superior surfaces that reeeive the oeeipi- 
tal eondyles of the skull. This joint enables you to nod “yes.” 
The axis (C 2 ) aets as a pivot for the rotation of the atlas (and 
skull) above. It bears a large vertieal proeess, the dens, or 
odontoid proeess, that serves as the pivot point. The articula- 
tion between Q and C 2 allows you to rotate your head from 
side to side to indieate “no.” 


Figure 9.14 The first and seeond eervieal vertebrae. 


The more typieal eervieal vertebrae (C 3 through C 7 ) 
are distinguished from the thoraeie and lumbar vertebrae by 
several features (see Table 9.1 and Fígure 9.15). They are 
the smallest, lightest vertebrae, and the vertebral foramen is 
triangular. The spinous proeess is short and often bifurcated 
(divided into two branehes). The spinous proeess of C 7 is not 
branehed, however, and is substantially longer than that of 
the other eervieal vertebrae. Because the spinous proeess of 
C 7 is visible through the skin, it is ealled the vertebra promi- 
nens (Figure 9.11) and is used as a landmark for counting the 
vertebrae. Transverse proeesses of the eervieal vertebrae are 
wide, and they eontain foramina through which the vertebral 
arteries pass superiorly on their way to the brain. Any time 
you see these foramina in a vertebra, you ean be sure that it 
is a eervieal vertebra. 

□ Palpate your vertebra prominens. Plaee a eheek mark in 
the box when you loeate the structure. 

Thoraeie Vertebrae 

The 12 thoraeie vertebrae (referred to as T^ through T 12 ) 
may be reeognized by the following structural eharaeteris- 
ties. They have a larger body than the eervieal vertebrae 
(see Figure 9.15). The body is somewhat heart shaped, 
with two small articulating surfaces, or eostal faeets, on 
eaeh side (one superior, the other inferior) elose to the ori- 
gin of the vertebral areh. Sometimes referred to as eostal 
demifaeets because of their small size, these faeets articu- 
late with the heads of the eorresponding ribs. The vertebral 
foramen is oval or round, and the spinous proeess is long, 
with a sharp downward hook. The eloser the thoraeie ver- 
tebra is to the lumbar region, the less sharp and shorter 
the spinous proeess. Articular faeets on the transverse 
proeesses articulate with the tubercles of the ribs. Besides 
forming the thoraeie part of the spine, these vertebrae form 
the posterior aspeet of the bony thorax. Indeed, they are the 
only vertebrae that articulate with the ribs. 

Lumbar Vertebrae 

The five lumbar vertebrae (L^ through L 5 ) have massive bloek- 
like bodies and short, thiek, hatehet-shaped spinous proeesses 
extending direetly backward (see Table 9.1 and Figure 9.15). The 
superior articular faeets faee posteromedially; the inferior ones 
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(a) Cervical 
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Siiperior View 
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proeess and faeet 
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articular 

proeess 


Transverse 

foramen 



Spinous 

proeess 
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Transverse 
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(b) Thoraeie 
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Transverse 

proeess 



Superior 
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of rib) 
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(e) Lumbar 


Body 


Superior 
articular 
proeess 
and faeet 


Superior 

articular 

proeess 



Spinous 

proeess 


Transverse 

proeess 


Inferior vertebral 
noteh 

Inferior articular 
proeess and 
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Figure 9.15 Superior and right lateral views of typieal vertebrae 


are direeted anterolaterally. These structural features reduce the 
mobility of the lrnnbar region of the spine. Sinee most stress on 
the vertebral column occurs in the lumbar region, these are also 
the sturdiest of the vertebrae. 

The spinal eord ends at the superior edge of L 2 , but the 
outer eovering of the eord, filled with eerebrospinal fluid, 
extends an appreeiable distanee beyond. Thus a lumbarpunc- 
ture (for examination of the eerebrospinal fluid) or the ad- 
ministration of “saddle block u anesthesia for ehildbirth is 


normally done between L 3 and L 4 or L 4 and L 5 , where there is 
little or no ehanee of injuring the delieate spinal eord. 

The Saernm 

The sacrum (Figure 9.16) is a eomposite bone formed from 
the fusion of five vertebrae. Superiorly it articulates with L 5 , 
and inferiorly it eonneets with the coccyx. The median saeral 
erest is a remnant of the spinous proeesses of the fused ver- 
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Exercise 9 


Regional Character sties of Gervieal, Thoraeie, and Lumbar Vertebrae 

eharaeteristie 

(a) Cervical (C 3 -C 7 ) 

(b) Thoraeie 

(e) Lumbar 

Body 

Small, wide side to side 

Larger than eervieal; heart 
shaped; bears eostal faeets 

Massive; kidney shaped 

Spinous proeess 

Short; bifid; projeets direetly 
posteriorly 

Long; sharp; projeets inferiorly 

Short; blunt; projeets direetly 
posteriorly 

Vertebral foramen 

Triangular 

Circular 

Triangular 

Transverse proeesses 

Contain foramina 

Bear faeets for ribs (except T,, 
and T 12 ) 

Thin and tapered 

Superior and inferior articulating 
proeesses 

Superior faeets direeted 
superoposteriorly 

Superior faeets direeted 
posteriorly 

Superior faeets direeted 
posteromedially (or medially) 


Inferior faeets direeted 
inferoanteriorly 

Inferior faeets direeted anteriorly 

Inferior faeets direeted 
anterolaterally (or laterally) 

Movements allowed 

Flexion and extension; lateral 
flexion; rotation; the spine 
region with the greatest range 
of movement 

Rotation; lateral flexion possible 
but limited by ribs; flexion and 
extension prevented 

Flexion and extension; some 
lateral flexion; rotation 
prevented 


tebrae. The winglike alae, formed by fusion of the transverse 
proeesses, articulate laterally with the hip bones. The saeram 
is eoneave anteriorly and forms the posterior border of the 
pelvis. Four ridges (lines of fusion) eross the anterior part of 
the saeram, and saeral foramina are loeated at either end of 
these ridges. These foramina allow blood vessels and nerves 
to pass. The vertebral eanal continues inside the saeram as the 
saeral eanal and terminates near the coccyx via an enlarged 


opening ealled the saeral hiatus. The saeral promontory 
(anterior border of the body of S^) is an important anatomieal 
landmark for obstetrieians. 

□ Attempt to palpate the median saeral erest of your sa- 
eram. (This is more easily done by thin people and obviously 
in privaey.) Plaee a eheek mark in the box when you loeate 
the structure. 
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(a) Anterior view 


(b) Posterior view 


Figure 9.16 Saeram and coccyx. 
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Jugular noteh 

Clavicular noteh 


Manubrium 


Sternal angle 


Body 


intereostal 

spaees 


Costal eartilage 
Costal margin 


True 
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(1-7) 


Xiphisternal 

joint 

Xiphoid 

proeess 


False 
ribs 

( 8 - 12 ) 


Figure 9.17 The thoraeie eage. (a) Anterior 
view with eostal eartilages shown in blue. 
(b) Midsagittal seetion of the thorax, 
illustrating the relationship of the surface 
anatomieal landmarks of the thorax to the 
thoraeie portion of the vertebral column. 
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The Coccyx 

The coccyx (see Figure 9.16) is formed from the fusion of 
three to five small irregularly shaped vertebrae. It is literally 
the human tailbone, a vestige of the tail that other vertebrates 
have. The coccyx is attaehed to the saemrn by ligaments. 


ACTI VITY 4 


Examining Vertebral Structure 

Obtain examples of eaeh type of vertebra and examine them 
carefully, eomparing them to the figures and table (Figures 
9.14, 9.15, 9.16, and Table 9.1) and to eaeh other. mi 

The Thoraeie Cage 

The thoraeie eage eonsists of the bony thorax, which is 
eomposed of the sternum, ribs, and thoraeie vertebrae, plus 
the eostal eartilages (Figure 9.17). Its eone-shaped eagelike 
structure proteets the organs of the thoraeie eavity including 
the eritieally important heart and lungs. 



The Sternum 

The sternum (breastbone), a typieal flat bone, is a result of 
the fusion of three bones—the manubrium, body, and xiphoid 
proeess. It is attaehed to the first seven pairs of ribs. The su- 
periormost manubrium looks like the knot of a tie; it artie- 
ulates with the elaviele (eollarbone) laterally. The body forms 
the bulk of the sternum. The xiphoid proeess eonstmets the 
inferior end of the sternum and lies at the level of the fifth 
intereostal spaee. Although it is made of hyaline eartilage in 
ehildren, it is usually ossified in adults. 

In some people, the xiphoid proeess projeets dor- 


sally. This may present a problem because physieal 
trauma to the ehest ean push such a xiphoid into the underly- 
ing heart or liver, causing massive hemorrhage. + 

The sternum has three important bony landmarks—the 
jugular noteh, the sternal angle, and the xiphisternal joint. 
The jugular noteh (eoneave upper border of the manubrium) 
ean be palpated easily; generally it is at the level of the third 
thoraeie vertebra. The sternal angle is a result of the manu- 
brium and body meeting at a slight angle to eaeh other, so that 
a transverse ridge is formed at the level of the seeond ribs. It 
provides a handy referenee point for counting ribs to loeate 
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Exercise 9 


Transverse eostal faeet 
(for tubercle of rib) 





Articular faeet 
on tubercle of rib 


Spinous proeess 


Shaft 


Ligaments 

Neek of rib 

Head of rib 

Superior eostal faeet 
(for head of rib) 


Transverse 
eostal faeet 
(for tubercle 
of rib) 


Body of 
thoraeie 
vertebra 


the seeond intereostal spaee for listening to eertain heart 
valves, and is an important anatomieal landmark for thoraeie 
surgery. The xiphisternal joint, the point where the sternal 
body and xiphoid proeess fuse, lies at the level of the ninth 
thoraeie vertebra. 


□ Palpate your sternal angle and jugular noteh. Plaee a 
eheek mark in the box when you loeate the structures. 

Because of its aeeessibility, the sternum is a favored site 
for obtaining samples of blood-forming (hematopoietie) tis- 
sue for the diagnosis of suspected blood diseases. A needle 
is inserted into the marrow of the sternum and the sample 
withdrawn (sternal puncture). 


The Ribs 

The 12 pairs of ribs form the walls of the thoraeie eage 
(see Figure 9.17 and Figure 9.18). All of the ribs articulate 
posteriorly with the vertebral column via their heads and 
tubercles and then curve downward and toward the anterior 
body surface. The first seven pairs, ealled the true, or verte- 
brosternal, ribs, attaeh direetly to the sternum by their “own” 
eostal eartilages. The next five pairs are ealled false ribs; 
they attaeh indireetly to the sternum or entirely laek a sternal 
attaehment. Of these, rib pairs 8-10, which are also ealled 
vertebroehondral ribs, have indireet eartilage attaehments to 
the sternum via the eostal eartilage of rib 7. The last two pairs, 
ealled floating, or vertebral, ribs, have no sternal attaehment. 


A C T I V I T Y 5 


Examín ng the Relationship 
Between Ribs and Vertebrae 



(b) 


Faeets for articulation Articular faeet 

Shaft with vertebrae Head Neek on tubercle 



Junction with Costal groove Angle of rib 

eostal eartilage 

(e) 


First take a deep breath to expand your ehest. Notiee how 
your ribs seem to move outward and how your sternum rises. 
Then examine an articulated skeleton to observe the relation- 
ship between the ribs and the vertebrae. 

(Refer to Aetivity 3, Palpating Landmarks of the Trnnk, 
seetion on The Thorax: Bones, steps 1 and 3 in Exercise 46, 
Surface Anatomy Roundup.) H 

The Fetal Skull 

One of the most obvious differenees between fetal and adult 
skeletons is the huge size of the fetal skull relative to the rest 
of the skeleton. Skull bones are ineompletely formed at birth 
and eonneeted by fibrous membranes ealled fontanelles. The 
fontanelles allow the fetal skull to be eompressed slightly dur- 
ing birth and also allow for brain growth during late fetal life. 
They ossify (beeome bone) as the infant ages, eompleting the 
proeess by the time the ehild is \Vi to 2 years old. 


Figure 9.18 Structure of a typieal true rib and its 
articulations. (a) Vertebral and sternal articulations 
of a typieal true rib. (b) Superior vievv of the 
articulation betvveen a rib and a thoraeie vertebra, vvith 
eostovertebral ligaments. (e) Right rib 6, posterior vievv. 


A C T I V I T Y 6 


Examining a Fetal Skull 

1. Obtain a fetal skull and study it carefully. 

• Does it have the same bones as the adult skull? 

• How does the size of the fetal faee relate to the cranium? 

• How does this eompare to what is seen in the adult? 
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Posterior fontanelle 


Ossifieation 

eenter 


Frontal bone 



Anterior 


Oeeipital 

bone 


Parietal 

bone 

Anterior 

fontanelle 

Frontal 

suture 



Frontal 
bone 

Sphenoidal 
fontanelle 


Temporal bone (squamous part) 


Parietal 

bone 

Ossifieation 

eenter 

Posterior 

fontanelle 


Mastoid 

fontanelle 

Oeeipital 

bone 


(a) Superior view 


(b) Left lateral view 



Anterior - 
fontanelle 


Parietal 

bone 


Frontal 

bone 


‘ ' >4 


Sphenoidal 

fontanelle 


w 


; 


Temporal bone 

(squamous part) 




Oeeipital 

bone 

Mastoid 

fontanelle 


(e) Anterior view 


(d) Left lateral view 


Figure 9.19 Skull of a nevvborn. 


2. Loeate the following fontanelles on the fetal skull (refer 
to Figure 9.19): anterior (or frontal) fontanelle, mastoid 
fontanelle, sphenoidalfontanelle, and posterior (or oeeipital) 
fontanelle. 

3. Notiee that some of the eranial bones have eonieal protm- 
sions. These are ossifíeation (growth) eenters. Notiee also 


that the frontal bone is still in two parts, and the temporal 
bone is ineompletely ossified, little more than a ring of bone. 

4. Before eompleting this study, eheek the questions on the 
review sheet at the end of this exercise to ensure that you have 
made all of the neeessary observations. H 
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The Axia Ske eton 


1 


h 


The Skiill 

1. First, mateh the bone names in column B with the deseriptions in column A (the items in column B may be used more 
than onee). Then, eirele the bones in column B that are eranial bones. 





Column A 


1. forehead bone 


2. eheekbone 


3. lowerjaw 


4. bridge of nose 


5. posterior bones of the hard palate 


6. much of the lateral and superior cranium 


7. most posterior part of cranium 


Column B 



a. ethmoid 


b. frontal 



e. hyoid 


> 


d. inferior nasal eoneha 


e. laerimal 


f. mandible 


g. maxilla 



8. single, irregular, bat-shaped bone forming part of the eranial base h. nasal 


9. tiny bones bearing tear ducts 


i. oeeipital 


10. anterior part of hard palate 


j. palatine 


11. superior and middle nasal eonehae formed from its projeetions k. parietal 


12. site of mastoid proeess 


1. sphenoid 


13. site of sella turcica 


m. temporal 


14. site of eribriform plate 


n. vomer 


15. site of mental foramen 


o. zygomatie 


16. site of styloid proeesses 


17. four bones eontaining paranasal sinuses 

18. eondyles here articulate with the atlas 

19. foramen magnum eontained here 

20. small U-shaped bone in neek, where many tongue muscles attaeh 

21. organ of hearing found here 

22. two bones that form the nasal septum 

23. bears an upward protmsion, the “eoek’s comb,“ or erista galli 

24. eontain soekets bearing teeth 


25. forms the most inferior turbinates 
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Revievv Sheet 9 


2. Using ehoiees from the numbered key to the right, identify all bones ( 


), sutures ( 



), and bone markings ( 


provided with various leader lines in the two diagrams below. Some responses from the key will be used more than onee 

Key: 1. earotid eanal 

2. eoronal suture 


3. ethmoidbone 

4. external oeeipital protuberance 

5. foramen laeemm 

6. foramen magmim 

7. foramen ovale 

8. frontal bone 

9. glabella 

10. ineisive fossa 


11. inferior nasal eoneha 


12. inferior orbital fissure 


13. infraorbital foramen 

14. jugular foramen 

15. laerimal bone 


16. mandible 


17. mandibular fossa 

18. mandibular symphysis 

19. mastoid proeess 

20. maxilla 





21. mental foramen 

22. middle nasal eoneha of ethmoid 

23. nasal bone 

24. oeeipital bone 

25. oeeipital eondyle 

26. palatine bone 

27. palatine proeess of maxilla 

28. parietal bone 

29. sagittal suture 

30. sphenoidbone 

31. styloid proeess 

32. stylomastoid foramen 

33. superior orbital fissure 

34. supraorbital foramen 

35. temporal bone 

36. vomer 

37. zygomatie bone 

38. zygomatie proeess of temporal bone 
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3. Define suture. - 

4. With one exception, the skull bones are joined by sutures. Name the exception. 


5. What bones are eonneeted by the lambdoid suture? 


What bones are eonneeted by the squamous suture? 


6. Name the eight bones of the cranium. (Remember to include left and right.) 


7. Give two possible functions of the sinuses. 


8. What is the orbit?- 

What bones contribute to the formation of the orbit? 


9. Why ean the sphenoid bone be ealled the keystone of the eranial base? 


The Vertebral Column 

10. The distinguishing eharaeteristies of the vertebrae eomposing the vertebral column are noted below. Correctly identify eaeh 
deseribed structure by ehoosing a response from the key. 


Key: a. atlas 

d. coccyx 

f. saemrn 

b. axis 

e. lumbar vertebra 

g. thoraeie vertebra 

e. eervieal vertebra—typieal 




1. vertebral type eontaining foramina in the transverse proeesses, through which the vertebral 
arteries aseend to reaeh the brain 

2. dens here provides a pivot for rotation of the first eervieal vertebra (C{) 

3. transverse proeesses faeeted for articulation with ribs; spinous proeess pointing sharply down- 
ward 

4. eomposite bone; articulates with the hip bone laterally 

5. massive vertebrae; weight-sustaining 
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Revievv Sheet 9 


6. “tail bone”; vestigial fused vertebrae 

7. supports the head; allows a roeking motion in conjunction with the oeeipital eondyles 


11. Using the key, eorreetly identify the vertebral parts/areas deseribed below. (More than one ehoiee may apply in some eases.) 
Also use the key letters to eorreetly identify the vertebral areas in the diagram. 


Key: a. body 

b. intervertebral foramina 
e. lamina 


d. pediele 

e. spinous proeess 

f. superior articular faeet 


g. transverse proeess 

h. vertebral areh 

i. vertebral foramen 






9 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 


eavity enelosing the spinal eord 
weight-bearing portion of the vertebra 
provide levers against which muscles pull 
provide an articulation point for the ribs 
openings providing for exit of spinal nerves 
structures that form an enclosure for the spinal eord 
structures that form the vertebral areh 



12. Deseribe how a spinal nerve exits from the vertebral column. 


13. Name two factors/structures that permit flexibility of the vertebral column. 
-and- 


14. What kind of tissue makes up the intervertebral dises? 

15. What is a herniated dise?- 

What problems might it cause?- 


16. Which two spinal curvatures are obvious at birth?-and 

Under what eonditions do the seeondary curvatures develop?- 






























Revievv Sheet 9 


143 


17. On this illustration of an articulated vertebral column, identify eaeh curvature indieated and label it as a primary or a seeond- 
ary curvature. Also identify the structures provided with leader lines, using the letters of the terms listed in the key below. 


Key: a. 

atlas 

b. 

axis 

e. 

intervertebral dise 

d. 

saemrn 

e. 

two thoraeie vertebrae 

f. 

two lumbar vertebrae 

g- 

vertebra prominens 



(curvature) 


(curvature) 


(curvature) 


(curvature) 
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The Thoraeie Cage 

18. The major bony eomponents of the thorax (excluding the vertebral column) are the 

and the-. 

19. Differentiate between a tme rib and a false rib.- 


Is a floating rib a true or a false rib?-. 

20. What is the general shape of the thoraeie eage?- 

21. Using the terms in the key, identify the regions and landmarks of the thoraeie eage. 





Key: a. 

b. 

e. 

d. 

e. 

f. 

g- 

h. 

ì. 

J- 

k. 

l . 


L-| vertebra 


body 

clavicular noteh 
eostal eartilage 
false ribs 
floating ribs 
jugular noteh 
manubrium 
sternal angle 
sternum 
tme ribs 

xiphisternal joint 
xiphoid proeess 
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The Fetal Skull 

22. Are the same skull bones seen in the adult also found in the fetal skull? 

23. How does the size of the fetal faee eompare to its cranium?- 


How does this eompare to the adult skull? 


24. What are the outward eonieal projeetions on some of the fetal eranial bones? 

25. What is a fontanelle?- 


What is its fate? 


What is the function of the fontanelles in the fetal skull? 



Using the terms listed, identify eaeh of the fontanelles shown on the fetal skull below. 



a. anterior fontanelle 

b. mastoid fontanelle 
e. posterior fontanelle 
d. sphenoidal fontanelle 


Frontal 

bone 


Parietal 

bone 



Oeeipital 

bone 


Temporal bone 
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MATERIALS 

□ Articulated skeletons 

□ Disarticulated skeletons (eomplete) 

□ Articulated pelves (male and female 
for eomparative study) 

□ X rays of bones of the appendicular 
skeleton 



OBJEGTIVES 




2 . 

3. 

4. 


Identify the bones of the peetoral and pelvie girdles and their attaehed 
limbs by examining isolated bones or an articulated skeleton, and name 
the important bone markings on eaeh. 



Deseribe the differenees betvveen a male and a female pelvis and 
explain the importanee of these differenees. 

Compare the features of the human peetoral and pelvie girdles, and 
discuss hovv their structures relate to their speeialized functions. 

Arrange unmarked, disarticulated bones in their proper plaees to form 
an entire skeleton. 




PRE-LAB Q U I Z 

1. The_skeleton is made up of 126 bones of the limbs 

and girdles. 

2. Circle the eorreet underlined term. The peetoral / pelvie girdle attaehes the 
upper limb to the axial skeleton. 

3. The_, on the posterior thorax, are roughly triangular in 

shape. They have no direet attaehment to the axial skeleton but are held 
in plaee by trunk muscles. 

4. The arm eonsists of one long bone, the_. 

a. femur e. tibia 

b. humerus d. ulna 

5. The hand eonsists of three groups of bones. The earpals make up the vvrist. 

The_make up the palm, and the phalanges make up 

the fingers. 

6. You are studying a pelvis that is vvide and shallovv. The acetabula are small 

and far apart. The pubic areh/angle is rounded and greater than 90°. It 
appears to be tilted forvvard, vvith a vvide, short sacrum. Is this a male or a 
female pelvis?_ 

7. The strongest, heaviest bone of the body is in the thigh. It is the 

a. femur 

b. fibula 
e. tibia 

8. The_, or "knee eap," is a sesamoid bone that is found 

vvithin the quadriceps tendon. 

9. Circle True or False. The fingers of the hand and the toes of the foot—vvith 
the exception of the great toe and the thumb—eaeh have three phalanges. 

10. Eaeh foot has a total of bones. 


M 



MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you vvill find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



T he appendicular skeleton (the gold-eolored portion of Figure 8.1) is 

eomposed of the 126 bones of the appendages and the peetoral and pelvie 
girdles, which attaeh the limbs to the axial skeleton. Although the upper 
and lower limbs differ in their functions and mobility, they have the same funda- 
mental plan, with eaeh limb made up of three major segments eonneeted together 
by freely movable j oints. 
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Exercise 10 


A C T I V I T Y 1 


Examining and Identifying Bones 
of the Appendicular Skeleton 

Carefully examine eaeh of the bones deseribed in this exer- 
eise and identify the eharaeteristie bone markings of eaeh. 
The markings aid in determining whether a bone is the right 
or left member of its pair; for example, the glenoid eavity 
is on the lateral aspeet of the scapula and the spine is on 
its posterior aspeet. This is a very important instmetion 
because you will be eonstmeting your own skeleton tofinish 
this laboratory exercise. Additionally, when eorresponding 
X rays are available, eompare the actual bone speeimen to 
its X-ray image. ■ 

Bones of the Peetoral Girdle 
and Llpper Limb 

The Peetoral (Shoulder) Girdle 

The paired peetoral, or shoulder, girdles (Figure 10.1) 

eaeh eonsist of two bones—the anterior elaviele and the pos- 
terior scapula. The shoulder girdles attaeh the upper limbs to 
the axial skeleton and provide attaehment points for many 
trnnk and neek muscles. 

The elaviele, or eollarbone, is a slender doubly curved 
bone—convex forward on its medial two-thirds and eoneave 
laterally. Its sternal (medial) end, which attaehes to the ster- 
nal manubrium, is rounded or triangular in eross seetion. The 
sternal end projeets above the manubrium and ean be felt and 
usually seen forming the lateral walls of the jugular noteh 
(see Figure 9.17, page 135). The aeromial (lateral) end of the 
elaviele is flattened where it articulates with the scapula to 
form part of the shoulder joint. On its posteroinferior surface 
is the prominent eonoid tubercle (Figure 10.2b). This pro- 
jeetion anehors a ligament and provides a handy landmark for 
determining whether a given elaviele is from the right or left 
side of the body. The elaviele serves as an anterior braee, or 
strnt, to hold the arm away from the top of the thorax. 

The scapulae (Figure 10.2c-e), or shoulder blades, are 
generally triangular and are eommonly ealled the “wings” of 
humans. Eaeh scapula has a flattened body and two important 
proeesses—the aeromion (the enlarged, roughened end of 
the spine of the scapula) and the beaklike eoraeoid proeess 
(eorae = crow, raven). The aeromion eonneets with the elavi- 
ele. The eoraeoid proeess points anteriorly over the tip of the 
shoulder joint and serves as an attaehment point for some of 
the upper limb muscles. The suprascapular noteh at the base 
of the eoraeoid proeess allows nerves to pass. The scapula has 
no direet attaehment to the axial skeleton but is loosely held 
in plaee by trnnk muscles. 

The scapula has three angles: superior, inferior, and lat- 
eral. The inferior angle provides a landmark for auscultating 
(listening to) lung sounds. The glenoid eavity, a shallow 
soeket that reeeives the head of the arm bone (humerus), 
is loeated in the blunted lateral angle. The scapula also has 
three named borders: superior, medial (vertebral), and lateral 
(axillary). Several shallow depressions (fossae) appear on 
both sides of the scapula and are named aeeording to loea- 
tion; there are the anterior subscapularfossa and the posterior 
infraspinous and supraspinous fossae. 



Aeromio- Clavicle 



: 


Figure 10.1 Articulated bones of the peetoral (shoulder) 
girdle. The right peetoral girdle is articulated to show 
the relationship of the girdle to the bones of the thorax 
and arm. 

The shoulder girdle is exceptionally light and allows the 
upper limb a degree of mobility not seen any where else in the 
body. This is due to the following faetors: 

• The sternoclavicular joints are the only site of attaehment 
of the shoulder girdles to the axial skeleton. 

• The relative looseness of the scapular attaehment allows it 
to slide baek and forth against the thorax with muscular aetivity. 

• The glenoid eavity is shallow and does little to stabilize 
the shoulder joint. 

However, this exceptional flexibility exacts a priee: the arm 
bone (humerus) is very susceptible to disloeation, and frae- 
ture of the elaviele disables the entire upper limb. 

The Arm 

The arm or braehimn (Figure 10.3) eontains a single bone— 
the humerus, a typieal long bone. Proximally its rounded 
head fits into the shallow glenoid eavity of the scapula. The 
head is separated from the shaft by the anatomieal neek 
and the more eonstrieted surgical neek, which is a eommon 
site of fracture. Opposite the head are two prominenees, the 
greater and lesser tubercles (from lateral to medial aspeet), 
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Sternal (medial) 
end 


Aeromion 


Aeromial (lateral) 
end 



Anterior 


(a) Right elaviele, superior view 


Aeromial end 


Anterior 


Posterior 


Conoid tubercle 


(b) Right elaviele, inferior view 


Sternal end 



Suprascapular noteh 


Coracoid 
proeess 

Glenoid 
eavity in 
lateral angle 


Supraspinous 

fossa 



lnfraspinous Subscapular 

fossa fossa 


Posterior 


Anterior 


Lateral border 


Subscapular 

fossa 


Superior border 



(e) Right scapula, anterior aspeet 


Superior 

angle 


Medial 

border 


Inferior angle 


Supraspinous fossa 


Suprascapular noteh 


Coracoid proeess Aeromion 


Superior 

angle 


Supraspinous 

fossa 


Spine 


lnfraspinous 

fossa 


Medial border 



Lateral border 


Inferior angle 



Aeromion 


lnfraspinous 

fossa 



Coracoid 

proeess 

Glenoid 

eavity 

Infraglenoid 

tubercle 


Subscapular 

fossa 


(d) Right scapula, posterior aspeet 


(e) Right scapula, lateral aspeet 


Figure 10.2 lndividual bones of the peetoral (shoulder) girdle. Vievv 
(e) is aeeompanied by a sehematie representation of its orientation. 
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Exercise 10 


Greater 

tubercle 


Lesser 
tubercle 


Inter- 
tubercular 
sulcus 


Deltoid 
tuberosity 


Radial 

fossa 


Capitulum 



Lateral 
supracondylar 
ridge 


Head of 
humerus 


Anatomieal 

neek 



Radial groove 


Medial- 

supracondylar 

ridge 


Coronoid 

fossa 


Oleeranon 

fossa 


Medial- 

epieondyle 


Troehlea 


Greater 

tubercle 


Surgical 

neek 


Deltoid 

tuberosity 





Lateral 

epieondyle 


Humerus 


Capitulum 


Head of- 
radius 

Radial — 
tuberosity 

Radius — 



Coronoid 

fossa 


Medial 

epieondyle 


Troehlea 

Coronoid 
proeess 
of ulna 

Radial 

noteh 

Ulna 


(e) Anterior view at the elbow region 


Humerus 



epieondyle 



Ulna 



Oleeranon 

fossa 


Lateral 

epieondyle 


Head 

Neek 

Radius 


(a) Anterior view 


(b) Posterior view 


(d) Posterior view of extended elbow 


Fìgure 10.3 Bone of the right arm. (a # b) Humerus. (e, d) Detailed vievvs 
of extended elbovv. 


separated by a groove (the intertubercular sulcus, or bieipi- 
tal groove) that guides the tendon of the bieeps muscle to its 
point of attaehment (the superior rim of the glenoid eavity). 
In the midpoint of the shaft is a roughened area, the del- 
toid tuberosity, where the large fleshy shoulder muscle, the 
deltoid, attaehes. Nearby, the radial groove runs obliquely, 
indieating the pathway of the radial nerve. 

At the distal end of the humerus are two eondyles—the 
medial troehlea (looking rather like a spool), which articu- 
lates with the ulna, and the lateral capitulum, which articu- 
lates with the radius of the forearm. This eondyle pair is 
flanked medially by the medial epieondyle and laterally by 
the lateral epieondyle. 

The medial epieondyle is eommonly ealled the “funny 
bone.” The ulnar nerve runs in a groove beneath the medial 
epieondyle, and when this region is sharply bumped, a tem- 
porary, but excruciatingly painful, tingling sensation often 
occurs. This event is ealled “hitting the funny bone,” a strange 
expression, because it is eertainly not funny! 


Above the troehlea on the anterior surface is the eoro- 
noid fossa; on the posterior surface is the oleeranon fossa. 
These two depressions allow the eorresponding proeesses of 
the ulna to move freely when the elbow is flexed (bent) and 
extended (straightened). The small radial fossa, lateral to 
the eoronoid fossa, reeeives the head of the radius when the 
elbow is flexed. 

The Forearm 

Two bones, the radius and the ulna, eompose the skeleton 
of the forearm, or antebrachium (Figure 10.4). When the 
body is in the anatomieal position, the radius is in the lateral 
position in the forearm, and the radius and ulna are parallel. 
Proximally, the dise-shaped head of the radius articulates 
with the capitulum of the humerus. Just below the head, on 
the medial aspeet of the shaft, is a prominenee ealled the 
radial tuberosity, the point of attaehment for the tendon of 
the bieeps muscle of the arm. Distally, the small ulnar noteh 
reveals where the radius articulates with the end of the ulna. 
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Radial 
noteh of 
the ulna 

Head 
Neek 


Radial — 
tuberosity 



— -- 


Oleeranon 


Troehlear 

noteh 


Ooronoid 

proeess 

Proximal 

radioulnar 

joint 


Head of 
radius 


Neek of 
radius 




\ 


lnterosseous 

membrane 
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(e) Proximal portion of ulna, lateral view 
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(d) Distal ends of the radius and ulna at the wrist, 
anteroinferior view 


(a) Anterior view 


(b) Posterior view 


Figure 10.4 Bones of the right forearm. (a, b) Radius and ulna in anterior and 
posterior vievvs. (e, d) Structural details of the articular surfaces betvveen the radius 
and ulna, and betvveen the radius and bones of the vvrist. 


The ulna is the medial bone of the forearm. Its proxi- 
mal end bears the anterior eoronoid proeess and the poste- 
rior oleeranon, which are separated by the troehlear noteh. 
Together these proeesses grip the troehlea of the humerus 
in a plierslike joint. The small radial noteh on the lateral 
side of the eoronoid proeess articulates with the head of the 
radius. The slimmer distal end, the ulnar head, bears the 
small medial ulnar styloid proeess, which serves as a point 
of attaehment for the ligaments of the wrist. 

The Hand 

The skeleton of the hand, or manus (Figure 10.5), includes 
three groups of bones, those of the carpus (wrist), the meta- 
earpals (bones of the palm), and the phalanges (bones of the 
fingers). 

The wrist is the proximal portion of the hand. It is 
referred to anatomieally as the carpus; the eight bones 
eomposing it are the earpals. (So you actually wear your 


wristwatch over the distal part of your forearm.) The ear- 
pals are arranged in two irregular rows of four bones eaeh 
(illustrated in Figure 10.5). In the proximal row (lateral to 
medial) are the seaphoid, hrnate, triquetrum, and pisiform 
bones; the seaphoid and lunate articulate with the distal end 
of the radius. In the distal row are the trapezium, trapezoid, 
eapitate, and hamate. The earpals are bound elosely together 
by ligaments, which restriet movements between them. 

The metaearpals, numbered I to V from the thumb side 
of the hand toward the little finger, radiate out from the wrist 
like spokes to form the palm of the hand. The bases of the 
metaearpals articulate with the earpals of the wrist; their more 
bulbous heads articulate with the phalanges of the fingers dis- 
tally. When the fist is elenehed, the heads of the metaearpals 
beeome prominent as the knuckles. 

Like the bones of the palm, the fingers are numbered 
from I to V, beginning from the thumb (pollex) side of the 
hand. The 14 bones of the fingers, or digits, are miniature long 
bones, ealled phalanges (singular: phalanx) as noted above. 
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Exercise 10 
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Figure 10.5 Bones of the right hand. (a) Anterior view showing the relationships 
of the earpals, metaearpals, and phalanges. (b) X ray of the right hand in the 
anterior view. 


Eaeh finger eontains three phalanges (proximal, middle, 
and distal) except the thumb, which has only two (proximal 
and distal). 


A C T I V I T Y 2 


Palpating the Surface Anatomy of the 
Peetoral Girdle and the Upper Limb 

Before continuing on to study the bones of the pelvie girdle, 
take the time to identify the following bone markings on 
the skin surface of the upper limb. It is usually preferable to 
palpate the bone markings on your lab partner sinee many of 
these markings ean only be seen from the dorsal aspeet. Plaee 
a eheek mark in the boxes as you loeate the bone markings. 
Seek assistanee from your instmetor for any markings that 
you are unable to loeate. 

□ Clavicle: Palpate the elaviele along its entire length from 
sternum to shoulder. 

□ Acromioclavicular joint: The high point of the shoulder, 
which represents the junction point between the elaviele and 
the aeromion of the scapular spine. 

□ Spine of the scapula: Extend your arm at the shoulder 
so that your scapula moves posteriorly. As you do this, your 
scapular spine will be seen as a winglike protmsion on your 
dorsal thorax and ean be easily palpated by your lab partner. 

□ Lateral epieondyle of the humerus: The inferiormost 
projeetion at the lateral aspeet of the distal humerus. After 


you have loeated the epieondyle, mn your finger posteriorly 
into the hollow immediately dorsal to the epieondyle. This is 
the site where the extensor muscles of the hand are attaehed 
and is a eommon site of the excruciating pain of tennis el- 
bow, a eondition in which those muscles and their tendons are 
abused physieally. 

□ Medial epieondyle of the humerus: Feel this medial pro- 
jeetion at the distal end of the humerus. 

□ Oleeranon of the ulna: Work your elbow—flexing and 
extending—as you palpate its dorsal aspeet to feel the oleera- 
non of the ulna moving into and out of the oleeranon fossa on 
the dorsal aspeet of the humerus. 

□ Ulnar styloid proeess: With the hand in the anatomieal 
position, feel out this small inferior projeetion on the medial 
aspeet of the distal end of the ulna. 

□ Radial styloid proeess: Find this projeetion at the distal 
end of the radius (lateral aspeet). It is most easily loeated by 
moving the hand medially at the wrist. Onee you have palpated 
the radial styloid proeess, move your fìngers just medially onto 
the anterior wrist. Press firmly and then let up slightly on the 
pressure. You should be able to feel your pulse at this pressure 
point, which lies over the radial artery (radial pulse). 

□ Pisiform: Just distal to the ulnar styloid proeess feel the 
rounded pealike pisiform bone. 

□ Metaearpophalangeal joints (knuckles): Clench your fist 
and find the first set of flexed-joint protmsions beyond the 
wrist—these are your metaearpophalangeal joints. H 























The Appendicular Skeleton 


153 


Bones of the Pelvie Girdle 
and Lovver Limb 

The Pelvie (Hip) Girdle 

As with the bones of the peetoral girdle and upper limb, pay 
particular attention to bone markings needed to identify right 
and left bones. 

The pelvie girdle, or hip girdle (Figure 10.6), is 

formed by the two coxal (coxa = hip) bones (also ealled the 
ossa coxae, or hip bones) and the saemrn. The deep structure 
formed by the hip bones, saemrn, and coccyx is ealled the 
pelvis or bony pelvis. In eontrast to the bones of the shoulder 
girdle, those of the pelvie girdle are heavy and massive, and 
they attaeh securely to the axial skeleton. The soekets for 
the heads of the femurs (thigh bones) are deep and heavily 
reinforeed by ligaments to ensure a stable, strong limb attaeh- 
ment. The ability to bear weight is more important here than 
mobility and flexibility. The eombined weight of the upper 
body rests on the pelvie girdle (speeifieally, where the hip 
bones meet the saemm). 

Eaeh coxal bone is a result of the fusion of three bones— 
the ilium, ischium, and pubis—which are distinguishable in 
the young ehild. The ílium, a large flaring bone, forms the 
major portion of the coxal bone. It eonneets posteriorly, via 
its auricular surface, with the saemm at the saeroiliae joint. 
The superior margin of the iliae bone, the iliae erest, is rough; 
when you rest your hands on your hips, you are palpating 
your iliae erests. The iliae erest terminates anteriorly in the 
anterior superior spine and posteriorly in the posterior 
superior spine. Two inferior spines are loeated below these. 
The shallow iliae fossa marks its internal surface, and a 
prominent ridge, the arcuate line, outlines the pelvie inlet, 
or pelvie brim. 

The ischium is the “sit-down” bone, forming the most 
inferior and posterior portion of the coxal bone. The most 
outstanding marking on the ischium is the rough isehial 
tuberosity, which reeeives the weight of the body when sit- 
ting. The isehial spine, superior to the isehial tuberosity, is 
an important anatomieal landmark of the pelvie eavity. (See 
Comparison of the Male and Female Pelves, Table 10.1). The 
obvious lesser and greater seiatie notehes allow nerves and 
blood vessels to pass to and from the thigh. The seiatie nerve 
passes through the latter. 

The pubis is the most anterior portion of the coxal bone. 
Fusion of the rami of the pubis anteriorly and the ischium 
posteriorly forms a bar of bone enelosing the obturator 
foramen, through which blood vessels and nerves mn from 
the pelvie eavity into the thigh. The pubis of eaeh hip bone 
meets anteriorly at the pubic erest to form a cartilaginous 
joint ealled the pubic symphysis. At the lateral end of the 
pubic erest is the pnbie tnberele (see Figure 10.6c) to which 
the important inguinal ligament attaehes. 

The ilium, ischium, and pubis fuse at the deep hemi- 
spherieal soeket ealled the acetabulum (literally, “wine 
cup”), which reeeives the head of the thigh bone. 


A C T I V I T Y 3 


Observing Pelvie Artienlations 

Before continuing with the bones of the lower limbs, take the 
time to examine an articulated pelvis. Notiee how eaeh coxal 


bone articulates with the saemm posteriorly and how the two 
coxal bones join at the pubic symphysis. The saeroiliae joint 
is a eommon site of lower baek problems because of the pres- 
sure it must bear. m 


Comparison of the Male and Female Pelves 

Although bones of males are usually larger, heavier, and have 
more prominent bone markings, the male and female skel- 
etons are very similar. The exception to this generalization is 
pelvie structure. 

The female pelvis refleets modifieations for ehildbear- 
ing—it is wider, shallower, lighter, and rounder than that of 
the male. Not only must her pelvis support the inereasing 
size of a fetus, but it must also be large enough to allow the 
infant’s head (its largest dimension) to deseend through the 
birth eanal at birth. 

To deseribe pelvie sex differenees, we need to introduce 
a few more terms. The false pelvis is that portion superior to 
the arcuate line; it is bounded by the alae of the ilia laterally 
and the saeral promontory and lumbar vertebrae posteriorly. 
Although the false pelvis supports the abdominal viseera, 
it does not restriet ehildbirth in any way. The true pelvis is 
the region inferior to the arcuate line that is almost entirely 
surrounded by bone. Its posterior boundary is formed by the 
saemm. The ilia, isehia, and pubic bones define its limits 
laterally and anteriorly. 

The dimensions of the tme pelvis, particularly its inlet 
and outlet, are eritieal if delivery of a baby is to be uncom- 
plieated. These dimensions are carefully measured by the 
obstetrieian. The pelvie inlet, or pelvie brim, is the open- 
ing delineated by the saeral promontory posteriorly and the 
arcuate lines of the ilia anterolaterally. It is the superiormost 
margin of the tme pelvis. Its widest dimension is from left 
to right, that is, along the frontal plane. The pelvie outlet is 
the inferior margin of the tme pelvis. It is bounded anteriorly 
by the pubic areh, laterally by the isehia, and posteriorly by 
the saemm and coccyx. Sinee both the coccyx and the isehial 
spines protmde into the outlet opening, a sharply angled eoe- 
cyx or large, sharp isehial spines ean dramatieally narrow 
the outlet. The largest dimension of the outlet is the anterior- 
posterior diameter. 



A C T I V I T Y 4 


Comparing Male and Female Pelves 

Examine male and female pelves for the following differenees: 

• The female inlet is larger and more circular. 

• The female pelvis as a whole is shallower, and the bones 
are lighter and thinner. 

• The female saemm is broader and less curved, and the 
pubic areh is more rounded. 

• The female acetabula are smaller and farther apart, and 
the ilia flare more laterally. 

• The female isehial spines are shorter, farther apart, and 
everted, thus enlarging the pelvie outlet. ■■ 

(The major differenees between the male and female 
pelves are summarized in Table 10.1). 


(Text eontinnes on page 156.) 
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Exercise 10 
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Figure 10.6 Bones of the pelvie girdle. (a) Articulated bony pelvis, shovving the tvvo 
hip bones (coxal bones) # vvhieh together vvith the sacrum eomprise the pelvie girdle, 
and the coccyx. (b) Right hip bone # lateral view # showing the point of fusion of the 
ilium # ischium # and pubis. (e) Right hip bone # medial view. 
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Comparison of the Male and Female Pelves 

eharaeteristie 

Female 

Male 

General structure and 
functional modifieations 

Tilted forward; adapted for ehildbearing; tme 
pelvis defines the birth eanal; eavity of the tme 
pelvis is broad, shallow, and has a greater eapaeity 

Tilted less far forward; adapted for support of a 
male’s heavier build and stronger muscles; eavity 
of the tme pelvis is narrow and deep 

Bone thiekness 

Less; bones lighter, thinner, and smoother 

Greater; bones heavier and thieker, and markings 
are more prominent 

Acetabula 

Smaller; farther apart 

Larger; eloser 


Pubic angle/areh 


Broader angle (80°-90°); more rounded 


Angle is more acute (50°-60°) 


Anterior view 



Pelvie brim 


Pubic areh 



Saemm 

Coccyx 

Left lateral view 


Pelvie inlet (brim) 
Pelvie outlet 

Posteroinferior view 


Wider; shorter; saemm is less curved Narrow; longer; saeral promontory more ventral 

More movable; straighter; projeets inferiorly Less movable; curves and projeets anteriorly 




Wider; oval from side to side 

Wider; isehial spines shorter, farther apart, and 
everted 


Narrow; basieally heart shaped 

Narrower; isehial spines longer, sharper, and point 
more medially 



Pelvie 

outlet 
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Exercise 10 
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(a) Patella 
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Figure 10.7 Bones of the right knee and thigh. 


The Thigh 

The femur, or thigh bone (Figure 10.7b), is the only bone 
of the thigh. It is the heaviest, strongest bone in the body. The 
ball-like head of the femur articulates with the hip bone via 
the deep, secure soeket of the acetabulum. Obvious in the 
femur’s head is a small eentral pit ealled the fovea eapitis 
( u pit of the head”), from which a small ligament runs to 
the acetabulum. The head of the femur is earried on a short, 
eonstrieted neek, which angles laterally to join the shaft. The 
neek is the weakest part of the femur and is a eommon frae- 
ture site (an injury ealled a broken hip), particularly in the 
elderly. At the junction of the shaft and neek are the greater 
and lesser troehanters separated posteriorly by the intertro- 
ehanterie erest and anteriorly by the intertroehanterie line. 
The troehanters and troehanterie erest, as well as the gluteal 
tuberosity and the linea aspera loeated on the shaft, are sites 
of muscle attaehment. 

The femur inelines medially as it mns downward to the 
leg bones; this brings the knees in line with the body’s eenter 
of gravity, or maximum weight. The medial course of the 
femur is more notieeable in females because of the wider 
female pelvis. 

Distally, the femur terminates in the lateral and medial 
eondyles, which articulate with the tibia below, and the 


patellar surface, which forms a joint with the patella (knee- 
eap) anteriorly. The lateral and medial epieondyles, just 
superior to the eondyles, are separated by the intereondylar 
fossa, and superior to that on the shaft is the smooth popliteal 
surface. On the superior part of the medial epieondyle is a 
bump, the adductor tubercle, to which the large adductor 
magnus muscle attaehes. 

The patella (Figure 10.7a) is a triangular sesamoid bone 
enelosed in the (quadriceps) tendon that secures the anterior 
thigh muscles to the tibia. It guards the knee joint anteriorly 
and improves the leverage of the thigh muscles aeting aeross 
the knee joint. 

The Leg 

Two bones, the tibia and the fibula, form the skeleton of the 
leg (Figure 10.8). The tibia, or shinbone, is the larger and 
more medial of the two leg bones. At the proximal end, the 
medial and lateral eondyles (separated by the intereondylar 
eminenee) reeeive the distal end of the femur to form the knee 
joint. The tibial tuberosity, a roughened protmsion on the 
anterior tibial surface (just below the eondyles), is the site of 
attaehment of the patellar (kneeeap) ligament. Small faeets on 
the superior and inferior surface of the lateral eondyle of the 
tibia articulate with the fibula. Distally, a proeess ealled the 
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(a) Anterior view 


(b) Posterior view 



Figure 10.8 Bones of the right leg. Tibia and fibula # anterior and posterior vievvs. 


medial malleolus forms the inner (medial) bulge of the ankle. 
Lateral to this proeess, the inferior articular surface of the 
tibia articulates with the talus bone of the foot. The anterior 
surface of the tibia bears a sharpened ridge that is relatively 
unprotected by muscles. This so-ealled anterior border is 
easily felt beneath the skin. 

The fibiila, which lies parallel to the tibia, takes no 
part in forming the knee joint. Its proximal head articulates 
with the lateral eondyle of the tibia. The fibula is thin and 
stieklike with a sharp anterior erest. It terminates distally in 
the lateral malleolus, which forms the outer part, or lateral 
bulge, of the ankle. 

The Foot 

The bones of the foot include the 7 tarsal bones, 5 metatarsals, 
which form the instep, and 14 phalanges, which form the 
toes (Figure 10.9). Body weight is eoneentrated on the two 
largest tarsals, which form the posterior aspeet of the foot. 
These are the ealeanem (heel bone) and the talus, which lies 
between the tibia and the calcaneus. (The other tarsals are 
named and identified in Figure 10.9). The metatarsals are 
numbered I through V, medial to lateral. Like the fingers of 


the hand, eaeh toe has three phalanges except the great toe, 
which has two. 

The bones in the foot are arranged to produce three 
strong arehes—two longitudinal arehes (medial and lateral) 
and one transverse areh (Figure 10.9b). Ligaments, binding 
the foot bones together, and tendons of the foot muscles hold 
the bones firmly in the arehed position but still allow a eer- 
tain degree of give. Weakened arehes are referred to as fallen 
arehes or flat feet. 


AOTIVITY 5 


Palpating the Surface Anatomy 
of the Pelvie Girdle and Lovver Limb 

Loeate and palpate the following bone markings on yourself 
and/or your lab partner. Plaee a eheek mark in the boxes as 
you loeate the bone markings. Seek assistanee from your in- 
stmetor for any markings that you are unable to loeate. 

□ Iliae erest and anterior superior iliae spine: Rest your 
hands on your hips—they will be overlying the iliae erests. 
Traee the erest as far posteriorly as you ean and then follow it 
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Exercise 10 
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Figure 10.9 Bones of the right foot. Arehes of the right foot are diagrammed in (b). 


anteriorly to the anterior superior iliae spine. This latter bone 
marking is easily felt in almost everyone and is elearly vis- 
ible through the skin (and perhaps the elothing) of very slim 
people. (The posterior superior iliae spine is much less obvi- 
ous and is usually indieated only by a dimple in the overlying 
skin. Check it out in the mirror tonight.) 


□ Greater troehanter of the femur: This is easier to loeate 
in females than in males because of the wider female pelvis; 
also it is more likely to be elothed by bulky muscles in males. 
Try to loeate it on yourself as the most lateral point of the 
proximal femur. It typieally lies about 6 to 8 inehes below the 
iliae erest. 


□ Patella and tibial tuberosity: Feel your kneeeap and pal- 
pate the ligaments attaehed to its borders. Follow the inferior 
patellar ligament to the tibial tuberosity. 

□ Medial and lateral eondyles of the femur and tibia: As 
you move from the patella inferiorly on the medial (and then 
the lateral) knee surface, you will feel first the femoral and 
then the tibial eondyle. 

□ Medial malleolus: Feel the medial protmsion of your 
ankle, the medial malleolus of the distal tibia. 


□ Lateral malleolus: Feel the bulge of the lateral aspeet of 
your ankle, the lateral malleolus of the fibula. 

□ Calcaneus: Attempt to follow the extent of your calcaneus, 
or heel bone. M 


ACTI VITY 6 


Constructing a Skeleton 

1. When you finish examining yourself and the disarticu- 
lated bones of the appendicular skeleton, work with your lab 
partner to arrange the disarticulated bones on the laboratory 
beneh in their proper relative positions to form an entire skel- 
eton. Careful observation of bone markings should help you 
distinguish between right and left members of bone pairs. 

2. When you believe that you have aeeomplished this 
task eorreetly, ask the instmetor to eheek your arrangement 
to ensure that it is eorreet. If it is not, go to the articulated 
skeleton and eheek your bone arrangements. Also review the 
deseriptions of the bone markings as neeessary to eorreet 
your bone arrangement. H 
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Lab Time/Date 



The Appendieiilar Skeleton 
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Bones of the Peetoral Girdle and Llpper Limb 



1. Mateh the bone names or markings in column B with the deseriptions in column A. The items in column B may be used 
more than onee. 




Column A 


1. raised area on lateral surface of humerus to which deltoid 
muscle attaehes 


2. arm bone 


, 3. bones of the shoulder girdle 


, 4. forearm bones 


5. scapular region to which the elaviele eonneets 


6. shoulder girdle bone that does not attaeh to the axial skeleton 


Column B 


a. aeromion 


b. capitulum 


e. earpals 


d. elaviele 


e. eoraeoid proeess 


f. eoronoid fossa 




> 
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7. shoulder girdle bone that articulates with and transmits forees 
to the bony thorax 

8. depression in the scapula that articulates with the humerus 

9. proeess above the glenoid eavity that permits muscle 
attaehment 

10. the “eollarbone” 

11. distal eondyle of the humerus that articulates with the ulna 

12. medial bone of forearm in anatomieal position 

13. rounded knob on the humerus; adj oins the radius 

14. anterior depression, superior to the troehlea, that reeeives 
part of the ulna when the forearm is flexed 

15. forearm bone involved in formation of the elbow joint 

16. wrist bones 

17. fingerbones 

18. heads of these bones form the knuckles 
_, 19. bones that articulate with the elaviele 


g. deltoid tuberosity 

h. glenoid eavity 

i. humerus 

j. metaearpals 

k. oleeranon 

l. oleeranon fossa 

m. phalanges 

n. radial styloid proeess 

o. radial tuberosity 

p. radius 

q. scapula 

r. sternum 

s. troehlea 

t. ulna 
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2. How is the arm held elear of the widest dimension of the thoraeie eage? 


3. What is the total number of phalanges in the hand? 


4. What is the total number of earpals in the wrist? 


Name the earpals (medial to lateral) in the proximal row. 


In the distal row, they are (medial to lateral) 


5. Using items from the list at the right, identify the anatomieal landmarks and regions of the scapula 

Key: 



a. aeromion 


b. eoraeoid proeess 


e. glenoid eavity 


d. inferior angle 


e. infraspinous fossa 


f. lateral border 


g. medial border 


h. spine 


i. superior angle 


j. superior border 


k. suprascapular noteh 


1. supraspinous fossa 
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6. Mateh the terms in the key with the appropriate leader lines on the drawings of the humerus and the radius and ulna 
Also deeide whether the bones shown are right or left bones and whether the view shown is an anterior or a posterior view 




Key: 


a. 


b 


e 


d 


e 


f. 



h 


ì. 


J- 

k 


1 . 


o 


P 


q 


r. 


s. 


t. 


anatomieal neek 


eoronoid proeess 
distal radioulnar joint 
greater tubercle 
head of humerus 


head of radius 


head of ulna 


lateral epieondyle 
medial epieondyle 
oleeranon 


oleeranon fossa 


proximal radioulnar joint 


m. radial groove 

n. radial noteh 


radial styloid proeess 
radial tuberosity 
surgical neek 
troehlea 


troehlear noteh 


ulnar styloid proeess 


Circle the eorreet term for eaeh pair in parentheses: 

The humerus is a (right/left) bone in (an anterior/a posterior) view. The radius and ulna are (right/left) bones in (an anterior/a 
posterior) view. 

Bones of the Pelvie Girdle and Lovver Limb 

7. Compare the peetoral and pelvie girdles by ehoosing appropriate deseriptive terms from the key. 

Key: a. flexibility most important d. insecure axial and limb attaehments 

b. massive e. secure axial and limb attaehments 

e. lightweight f. weight-bearing most important 

Peetoral:_,_,_Pelvie:_,_,_ 


8. What organs are proteeted, at least in part, by the pelvie girdle? 
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9. Distinguish between the tme pelvis and the false pelvis. 


10. Use letters from the key to identify the bone markings on this illustration of an articulated pelvis. Make an educated guess 
as to whether the illustration shows a male or female pelvis and provide two reasons for your deeision. 

Key: 

a. acetabulum 



b. anterior superior iliae spine 


e. iliae erest 


d. iliae fossa 


e. isehial spine 


f. pelvie brim 


g. pubic erest 


h. pubic symphysis 


i. saeroiliae joint 


j. saemrn 


This is a 


(female/male) pelvis because: 


11. Deduce why the pelvie bones of a four-legged animal such as the eat or pig are much less massive than those of the human. 


12. A person instinetively curls over his abdominal area in times of danger. Why? 


13. For what anatomieal reason do many women appear to be slightly knoek-kneed? 


How might this anatomieal arrangement contribute to knee injuries in female athletes? 


14. What structural ehanges result in fallen arehesl 
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Mateh the bone names and markings in column B with the deseriptions in column A. The items in column B may be used 
more than onee. 


Column A 


Column B 


and 

a. 

acetabulum 


1. fuse to form the coxal bone 

b. 

calcaneus 


2. “sit-down” bone of the coxal bone 

e. 

femur 


3. point where the coxal bones join anteriorlv 

d. 

fibula 


4. superiormost margin of the coxal bone 

e. 

gluteal tuberosity 


5. deep soeket in the coxal bone that reeeives the head 

f. 

greater and lesser 


of the thigh bone 


troehanters 


6. joint between axial skeleton and pelvie girdle 

g- 

greater seiatie noteh 


7. longest, stronsest bone in bodv 

h. 

iliae erest 


8. thin lateral leg bone 

• 

ì. 

ilium 


9. heavv medial leg bone 

• 

J- 

isehial tuberosity 


10. bones forming knee joint 

k. 

ischium 


11. point where the patellar ligament attaehes 

1. 

lateral malleolus 


12. kneeeap 

m. 

lesser seiatie noteh 


13. shinbone 

n. 

linea aspera 


14. medial ankle projeetion 

0 . 

medial malleolus 


15. lateral ankle projeetion 

P- 

metatarsals 


16. largest tarsal bone 

q- 

obturator foramen 


17. ankle bones 

r. 

patella 


18. bones forming the instep of the foot 

s. 

pubic symphysis 


19. opening in hip bone formed bv the pubic and isehial rami 

t. 

pubis 


and 20. sites of muscle attaehment on 

u. 

saeroiliae joint 


the proximal femur 





V. 

talus 


21. tarsal bone that “sits” on the calcaneus 





w. 

tarsals 


22. weight-bearing bone of the leg 





X. 

tibia 


23. tarsal bone that articulates with the tibia 





y- 

tibial tuberosity 
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16. Mateh the terms in the key with the appropriate leader lines on the drawings of the femur and the tibia and fibula. Also deeide 
if these bones are right or left bones and whether the view shown is an anterior or a posterior view. Some items may be used 
more than onee. 




Key: 

a. fovea eapitis 

b. gluteal tuberosity 

e. greater troehanter 

d. head of femur 

e. head of fibula 

f. inferior tibiofibular j oint 

g. intereondylar eminenee 

h. intertroehanterie erest 

i. lateral eondyle 

j. lateral epieondyle 

k. lateral malleolus 

l. lesser troehanter 

m. medial eondyle 

n. medial epieondyle 

o. medial malleolus 

p. neek of femur 

q. superior tibiofibular joint 

r. tibial anterior border 

s. tibial tuberosity 


Circle the eorreet term for eaeh pair in parentheses: 

The femur is a (right/left) bone in (an anterior/a posterior) view. The tibia and fibula are (right/left) bones in (an anterior/a 
posterior) view. 

Siimmary of Skeleton 

17. Identify all indieated bones (or groups of bones) in the diagram of the articulated skeleton (page 165). 
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Artieii ations and 




Body Movements 



MATERIALS 

□ Skull 

□ Articulated skeleton 

□ X ray of a ehild's bone showing 
the cartilaginous growth plate 
(if available) 

□ Anatomieal ehart of joint types 
(if available) 

□ Diarthrotie joint (fresh or preserved), 
preferably a beef knee joint seetioned 
sagittally (Alternatively, pig's feet with 
phalanges seetioned frontally could be 
used) 

□ Disposable gloves 

□ VVater balloons and elamps 

□ Functional models of hip, knee, and 
shoulder joints (if available) 

□ X rays of normal and arthritie joints (if 
available) 


OBJECTIVES 

1. Name and deseribe the three functional eategories of joints. 

2. Name and deseribe the three structural eategories of joints, and discuss 
how their structure is related to mobility. 

3. Identify the types of synovial joints; indieate whether they are nonaxial, 
uniaxial, biaxial, or multiaxial, and deseribe the movements made by 
eaeh. 




4. Define origin and insertion of rrmseles. 

5. Demonstrate or deseribe the various body movements. 

6. Compare and eontrast the structure and function of the shoulder and hip 
joints. 

7. Deseribe the structure and function of the knee and temporomandibular 
joints. 


PRE-LAB Q U I Z 


1. Name one of the two functions of an articulation, or joint. 


M; 




MasteringA&P 8 For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 



A&PFIix A&PFIix 

Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 


J 


2. The functional elassifieation of joints is based on 

a. a joint eavity 

b. amount of eonneetive tissue 

e. amount of movement allowed by the joint 

3. Structural elassifieation of joints includes fibrous, cartilaginous, and 

_, which have a fIuid-fiIled eavity between 

articulating bones. 

4. Circle the eorreet underlined term. Sutures, which have their irregular 
edges of bone joined by short fibers of eonneetive tissue, are an example of 
fibrous / cartilaginous joints. 

5. Circle True or False. All synovial joints are diarthroses, or freely movable 
joints. 

6. Circle the eorreet underlined term. Every muscle of the body is attaehed 
to a bone or other eonneetive tissue structure at two points. The origin / 
insertion is the more movable attaehment. 

7. The hip joint is an example of a_synovial joint. 

a. ball-and-soeket e. pivot 

b. hinge d. plane 

8. Movement of a limb away from the midline or median plane of the body in 
the frontal plane is known as 

a. abduction e. extension 

b. eversion d. rotation 

9. Circle the eorreet underlined term. This type of movement is eommon in 
ball-and-soeket joints and ean be deseribed as the movement of a bone 
around its longitudinal axis. It is rotation / flexion . 

10. Circle True or False. The knee joint is the most freely movable joint in the body. 
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Exercise 11 



Dense 

fibrous 

eonneetive 

tissue 



Sternum 

First rib 

Hyaline 

eartilage 


(a) Synehondrosis 



Body of vertebra 


Fibrocartilaginous 

intervertebral 

dise 


(b) Symphyses 



Pubis 

Fibroeartilage 


(e) Symphysis 


(d) Suture 


Scapula 




(f) Multiaxial synovial joint 


Ulna 



(g) Uniaxial synovial joint 


Ulna 


Lunate 


Triquetrum 




Fibula 

Dense 

fibrous 

eonneetive 

tissue 


(h) Biaxial synovial joint 


Hyaline 

eartilage 

Humerus 


Humerus 


Hyaline 

eartilage 


Radius 


Radius 

Hyaline 

eartilage 

Seaphoid 


(e) Syndesmosis 


Figure 11.1 Types of joints. Joints to the left of the skeleton are cartilaginous 
joints; joints above and belovv the skeleton are fibrous joints; joints to the right of 
the skeleton are synovial joints. (a) Joint betvveen eostal eartilage of rib 1 and the 
sternum. (b) Intervertebral dises of fibroeartilage eonneeting adjaeent vertebrae. 

(e) Fibrocartilaginous pubic symphysis eonneeting the pubic bones anteriorly. 

(d) Dense fibrous eonneetive tissue eonneeting interloeking sku 11 bones. (e) Ligament 
of dense fibrous eonneetive tissue eonneeting the inferior ends of the tibia and 
fibula. (f) Shoulder joint. (g) Elbovv joint. (h) Wrist joint. 
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ith rare exceptions, every bone in the body is eon- 
neeted to, or forms a joint with, at least one other 
bone. Articulations, or joints, perform two func- 
tions for the body. They (1) hold the bones together and (2) 
allow the rigid skeletal system some flexibility so that gross 
body movements ean occur. 

Joints may be elassified structurally or fiinetionally. The 
stmctural elassifieation is based on the presenee of eonneetive tis- 
sue fiber, eartilage, or a joint eavity between the articulating bones. 
Stmcturally, there ar efibrons, cartilaginous, and synovial joints. 

The fiinetional elassifieation focuses on the amount of 
movement allowed at the joint. On this basis, there are syn- 
arthroses, or immovable joints; amphiarthroses, or slightly 
movable joints; and diarthroses, or freely movable joints. 
Freely movable joints predominate in the limbs, whereas 
immovable and slightly movable joints are largely restrieted 
to the axial skeleton, where firm bony attaehments and pro- 
teetion of enelosed organs are priorities. 

As a general rule, fibrous joints are immovable, and 
synovial joints are freely movable. Cartilaginous joints offer 
both rigid and slightly movable examples. Sinee the structural 
eategories are more clear-cut, we will use the structural elassi- 
fieation here and indieate fimetional properties as appropriate. 


Fibrous Joints 

In fibrous joints, the bones are joined by fibrous tissue. No 
joint eavity is present. The amount of movement allowed 
depends on the length of the fibers uniting the bones. 
Although some fibrous joints are slightly movable, most are 
synarthrotie and permit virtually no movement. 

The two major types of fibrous joints are sutures and 
syndesmoses. In sutures (Figure 11.Id) the irregular edges 
of the bones interloek and are united by very short eonneetive 
tissue fibers, as in most joints of the skull. In syndesmoses the 
articulating bones are eonneeted by short ligaments of dense 
fibrous tissue; the bones do not interloek. The joint at the infe- 
rior end of the tibia and fibula is an example of a syndesmosis 
(Figure ll.le). Although this syndesmosis allows some give, 
it is elassed functionally as a synarthrosis. Not illustrated here 
is a gomphosis, in which a tooth is secured in a bony soeket 
by the periodontal ligament (see Figure 38.12). 


A C T I V I T Y 1 


Identifying Fibrous Joints 

Examine a human skull. Notiee that adjaeent bone surfaces 
do not actually touch but are separated by fibrous eonneetive 
tissue. Also examine a skeleton and anatomieal ehart of joint 
types and the table of joints (Fable 11.1, pages 170-171) for 
examples of fibrous joints. wm 

Cartilaginous Joints 

In cartilaginous joints, the articulating bone ends are eonneeted 
by a plate or pad of eartilage. No joint eavity is present. The 
two major types of cartilaginous joints are synehondroses and 
symphyses. Although there is variation, most cartilaginous joints 
are slightly movable (amphiarthrotie) fiinetionally. In symphyses 
(symphysis = a growing together), the bones are eonneeted by a 
broad, flat dise of fibroeartilage. The intervertebral j oints between 
adj aeent vertebral bodies and the pubic symphy sis of the pelvis are 
symphyses (see Figure ll.lb and e). In synehondroses the bony 



portions are united by hyaline eartilage. The articulation of the 
eostal eartilage of the first rib with the stemum (Figure 11.1 a) is 
a synehondrosis, but perhaps the best examples of synehondroses 
are the epiphyseal plates seen in the long bones of growing ehil- 
dren. View an X ray of the cartilaginous growth plate (epiphyseal 
dise) of a ehild’s bone if one is available. The epiphyseal plates are 
flexible during ehildhood, but eventually they are totally ossified. 


AGTIVITY 2 



Identifying Cartilaginous Joints 

Identify the cartilaginous joints on a human skeleton, the table 
of joints (Table 11.1), and an anatomieal ehart of joint types. H 


Synovial Joints 

Synovial joints are those in which the articulating bone ends 
are separated by a joint eavity eontaining synovial fluid (see 
Figure ll.lf-h). All synovial joints are diarthroses, or freely 
movable joints. Their mobility varies: some synovial joints 
permit only small gliding movements, and others ean move 
in several planes. Most joints in the body are synovial joints. 

All synovial joints have the following structural eharae- 
teristies (Figure 11.2): 

• The j oint surfaces are enelosed by a two-lay ered articular 
capsule (a sleeve of eonneetive tissue), ereating a joint eavity. 



i . 


Ligament 


Joint eavity 
(eontains 
synovial fluid) 


Articular (hyaline) 
eartilage 


Fibrous 

layer 

Synovial 

membrane 

(seeretes 

synovial 

fluid) 


Articular 

capsule 


Periosteum 


Fígure 11.2 General structure of a synovial joint. 

The articulating bone ends are eovered with articular 
eartilage, and enelosed within an articular capsule that is 
typieally reinforeed by ligaments externally. Internally the 
fibrous layer is lined with a smooth synovial membrane 
that seeretes synovial fluid. 

(Text eontiniies on page 171.) 
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Table 11.1 




Structural and Functional Characteristics of Body Joints 


lllustration 


Joint 


Articulating bones 


Structural type 


Functional type; 
movements allowed 



Skull 

Cranial and faeial bones 

Fibrous; suture 

Synarthrotie; no movement 

Temooro- 

Temporal bone of skiill 

Synovial; modified 

Diarthrotie; gliding and uniaxial 

mandibular 

and mandible 

hinget (eontains 
articular dise) 

rotation; slight lateral movement, 
elevation, depression, protraetion, 
and retraetion of mandible 

Atlanto-oeeipital 

Oeeipital bone of skull 
and atlas 

Synovial; eondylar 

Diarthrotie; biaxial; flexion, 
extension, lateral flexion, 
circumduction of head on neek 

Atlantoaxial 

Atlas (Q) and axis (C 2 ) 

Synovial; pivot 

Diarthrotie; uniaxial; rotation of the 
head 

Intervertebral 

Between adjaeent 
vertebral bodies 

Cartilaginous; 

symphysis 

Amphiarthrotie; slight movement 

Intervertebral 

Between articular 
proeesses 

Synovial; plane 

Diarthrotie; gliding 

Costovertebral 

Vertebrae (transverse 
proeesses or bodies) 
and ribs 

Synovial; plane 

Diarthrotie; gliding of ribs 

Sternoclavicular 

Sternum and elaviele 

Synovial; shallow 
saddle (eontains 
articular dise) 

Diarthrotie; multiaxial (allows 
elaviele to move in all axes) 

Sternoeostal 

(first) 

Sternum and rib 1 

Cartilaginous; 

synehondrosis 

Synarthrotie; no movement 

Sternoeostal 

Sternum and ribs 2-7 

Synovial; double plane 

Diarthrotie; gliding 

Aeromio- 

Aeromion of scapula 

Synovial; plane 

Diarthrotie; gliding and rotation of 

clavicular 

and elaviele 

(eontains articular dise) 

scapula on elaviele 

Shoulder 

Scapula and humerus 

Synovial; ball and 

Diarthrotie; multiaxial; flexion, 

(glenohumeral) 


soeket 

extension, abduction, adduction, 
circumduction, rotation of humerus 


Ulna (and radius) with 
humerus 

Synovial; hinge 

Diarthrotie; uniaxial; flexion, 
extension of forearm 

Elbow 

Radius and ulna 

Synovial; pivot 

Diarthrotie; uniaxial; pivot (head of 
radius rotates in radial noteh of ulna) 

Proximal 
■ ■ ■ 

Radius and ulna 

Synovial; pivot 

Diarthrotie; uniaxial; rotation of 

radioulnar 


(eontains articular dise) 

radius around long axis of forearm 
to allow pronation and supination 

Distal 

radioulnar 

Wrist 

Radius and proximal 
earpals 

Synovial; eondylar 

Diarthrotie; biaxial; flexion, 
extension, abduction, adduction, 
circumduction of hand 

interearpal 

Adjaeent earpals 

Synovial; plane 

Diarthrotie; gliding 

Carpal (trapezium) and 

Synovial; saddle 

Diarthrotie; biaxial; flexion, extension, 

Carpometacarpal 
of digit 1 
(thumb) 

metaearpal I 


abduction, adduction, circumduction, 
opposition of metaearpal I 

Carpometacarpal 
of digits 2-5 

Carpal(s) and 
metaearpal(s) 

Synovial; plane 

Diarthrotie; gliding of metaearpals 

Metaearpo- 

■ 

Metaearpal and 

Synovial; eondylar 

Diarthrotie; biaxial; flexion, 

phalangeal 

(knuckle) 

proximal phalanx 


extension, abduction, adduction, 
circumduction of fingers 

Interphalangeal 

(finger) 

Adjaeent phalanges 

Synovial; hinge 

Diarthrotie; uniaxial; flexion, 
extension of fingers 
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Table 11.1 




(continued) 


lllustration 


Joint 


Articulating bones 


Structural type 


Functional type; 
movements allovved 



Saeroiliae 


Pubic symphysis 


Hip (coxal) 


Knee 

(tibiofemoral) 


Knee 

(femoropatellar) 


Superior 

tibiofibular 

Inferior 

tibiofibular 

Ankle 


Intertarsal 


Tarsometatarsal 


Metatarso- 

phalangeal 


Interphalangeal 

(toe) 


Saernm and coxal bone Synovial; plane 


Pubic bones 
Hip bone and femur 


Femur and tibia 

Femur and patella 

Tibia and fibula 
(proximally) 

Tibia and fibula 
(distally) 

Tibia and fibula with 
talus 

Adjaeent tarsals 


Cartilaginous; 

symphysis 

Synovial; ball and 
soeket 


Synovial; modified 
hinge 1 (eontains 
articular dises) 

Synovial; plane 


Synovial; plane 

Fibrous; syndesmosis 

Synovial; hinge 
Synovial; plane 


Tarsal(s) and Synovial; plane 

metatarsal(s) 

Metatarsal and proximal Synovial; eondylar 
phalanx 


Adjaeent phalanges Synovial; hinge 


Diarthrotie; little movement, slight 
gliding possible (more during 
pregnaney) 

Amphiarthrotie; slight movement 
(enhaneed during pregnaney) 

Diarthrotie; multiaxial; flexion, 
extension, abduction, adduction, 
rotation, circumduction of thigh 


Diarthrotie; biaxial; flexion, 
extension of leg, some rotation 
allowed 

Diarthrotie; gliding of patella 


Diarthrotie; gliding of fibula 


Synarthrotie; slight “give” during 
dorsiflexion 

Diarthrotie; uniaxial; dorsiflexion, 
and plantar flexion of foot 

Diarthrotie; gliding; inversion and 
eversion of foot 

Diarthrotie; gliding of metatarsals 


Diarthrotie; biaxial; flexion, 
extension, abduction, adduction, eir 
cumduction of great toe 

Diarthrotie; uniaxial; flexion, 
extension of toes 


*Fibrous joint indieated by orange eireles; cartilaginous joints, by blue eireles; synovial joints, by purple eireles. 
'These modified hinge joints are structurally bieondylar. 


• The inner layer is a smooth eonneetive tissue membrane, 
ealled the synovial membrane, which produces a lubricating 
fluid (synovial fluid) that reduces frietion. The outer layer, or 
fibroiis layer, is dense irregular eonneetive tissue. 

• Articular (hyaline) eartilage eovers the surfaces of the 
bones forming the joint. 

• The articular capsule is typieally reinforeed with liga- 
ments and may eontain bursae (fluid-filled saes that reduce 
frietion where tendons eross bone). 

• Fibroeartilage pads (articular dises) may be present 
within the capsule. 


A C T I V I T Y 3 


Examining Synovial Joint Structure 

Examine a beef or pig joint to identify the general structural 
features of diarthrotie joints as listed above. 


| If the joint is freshly obtained from the slaughterhouse 

* and you will be handling it, don disposable gloves 
before beginning your observations. wm 


AOTIVITY 4 


Demonstrating the importanee 
of Friction-Reducing Structures 

1. Obtain a small water balloon and elamp. Partially fill the 
balloon with water (it should still be flaeeid), and elamp it 
elosed. 

2. Position the balloon atop one of your fists and press down 
on its top surface with the other fist. Push on the balloon until 
your two fists touch and move your fists baek and forth over 
one another. Assess the amount of frietion generated. 
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Exercise 11 



(a) Plane joint (nonaxial) 



(b) Hinge joint (uniaxial) 



(c) Pivot joint (uniaxial) 



(d) Condylar joint (biaxial) 



(e) Saddle joint (biaxial) 



(f) Ball-and-soeket joint (multiaxial) 


Fìgure 11.3 Types of synovial joints. Dashed lines indieate the articulating bones. 
(a) interearpal joint. (b) Elbovv. (e) Proximal radioulnar joint. (d) Metaearpo- 
phalangeal joint. (e) Carpometacarpal joint of the thumb. (f) Shoulder. 


3. Unclamp the balloon and add more water. The goal is to 
get just enough water in the balloon so that your fists eannot 
eome into eontaet with one another, but instead remain sepa- 
rated by a thin water layer when pressure is applied to the 
balloon. 

4. Repeat the movements in step 2 to assess the amount of 
frietion generated. 

How does the presenee of a sae eontaining fluid influence the 
amount of frietion generated? 


What anatomieal structure(s) does the water-containing bal- 
loon mimie? 


What anatomieal structures might be represented by your fists? 


Types of Synovial Joints 

The many types of synovial joints ean be subdivided aeeord- 
ing to their function and structure. The shapes of the articular 
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surfaces determine the types of movements that ean occur at 
the joint, and they also determine the structural elassifieation 
ofthejoints (Figure 11.3): 

• Plane (Nonaxial); Articulating surfaces are flat or slightly 
curved. These surfaces allow only gliding movements as the 
surfaces slide past one another. Examples include interearpal 
joints, intertarsal joints, and joints between vertebral articular 
surfaces. 

• Hinge (Uniaxial): The rounded or eylindrieal proeess of 
one bone fits into the eoneave surface of another bone, allow- 
ing movement in one plane, usually flexion and extension. 
Examples include the elbow and interphalangeal joints. 

• Pivot (Uniaxial): The rounded surface of one bone ar- 
ticulates with a shallow depression or foramen in another 
bone, permitting rotational movement in one plane. Examples 
include the proximal radioulnar joint and the atlantoaxial 
joint (between atlas and axis—Q and C 2 ). 

• Condylar (Biaxial): The oval eondyle of one bone fits 
into an ellipsoidal depression in another bone to allow move- 
ment in two planes, usually flexion/extension and abduction/ 
adduction. Examples include the wrist and metaearpophalan- 
geal (knuckle) joints. 

• Saddle (Biaxial): Articulating surfaces are saddle shaped; 
one surface is convex, and the other is eoneave. This type of 
joint permits movement in two planes, flexion/extension and 
abduction/adduction. Examples include the earpometaearpal 
joints of the thumbs. 

• Ball-and-soeket (Multiaxial): The ball-shaped head of 
one bone fits into a cuplike depression of another bone. These 
joints permit flexion/extension, abduction/adduction, and ro- 
tation, which eombine to allow movement in many planes. 
Examples include the shoulder and hip joints. 

Movements Allowed by Synovial Joints 

Every muscle of the body is attaehed to bone (or other 
eonneetive tissue structures) at two points—the origin (the 
stationary, immovable, or less movable attaehment) and the 
insertion (the movable attaehment). Body movement occurs 
when muscles eontraet aeross diarthrotie synovial joints 
(Figure 11.4). When the muscle eontraets and its fibers 
shorten, the insertion moves toward the origin. The type of 
movement depends on the eonstmetion of the joint and on 
the plaeement of the muscle relative to the joint. The most 
eommon types of body movements are deseribed below (and 
illustrated in Figure 11.5). 


A C T I V I T Y 5 


Demonstrating Movements 
of Synovial Joints 

Attempt to demonstrate eaeh movement as you read through 
the following material: 

Flexion (Figure lE5a-c): A movement, generally in the sag- 
ittal plane, that deereases the angle of the joint and reduces 
the distanee between the two bones. Flexion is typieal of 
hinge joints (bending the knee or elbow) but is also eommon 
at ball-and-soeket joints (bending forward at the hip). 



Figure 11.4 Musde attaehments (origin and insertion). 

When a skeletal muscle eontraets, its ìnsertion moves 
tovvard its origin. 


Extension (Figure 11.5a-c): A movement that inereases 
the angle of a joint and the distanee between two bones 
or parts of the body (straightening the knee or elbow); the 
opposite of flexion. If extension proeeeds beyond ana- 
tomieal position (bends the trunk backward), it is termed 
hyperextension. 

Abduction (Figure 11.5d): Movement of a limb away from 
the midline or median plane of the body, generally on the 
frontal plane, or the fanning movement of fingers or toes 
when they are spread apart. 

Adduction (Figure 11.5d): Movement of a limb toward the 
midline of the body or drawing the fingers or toes together; 
the opposite of abduction. 

Rotation (Figure 11.5e): Movement of a bone around its 
longitudinal axis without lateral or medial displaeement. Ro- 
tation, a eommon movement of ball-and-soeket joints, also 
deseribes the movement of the atlas around the dens of the 
axis. 

Circumduction (Figure 11.5d): A eombination of flexion, 
extension, abduction, and adduction eommonly observed in 
ball-and-soeket joints like the shoulder. The proximal end 
of the limb remains stationary, and the distal end moves in 
a eirele. The limb as a whole outlines a eone. Condylar and 
saddle joints also allow circumduction. 

Pronation (Figure 11.5f): Movement of the palm of the hand 
from an anterior or upward-facing position to a posterior or 
downward-facing position. The distal end of the radius moves 
aeross the ulna so that the bones form an X. 

Supination (Figure 11.5f): Movement of the palm from a 
posterior position to an anterior position (the anatomieal 
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(a) (b) 





(c) 

Figure 11.5 Movements occurring at synovial joints of the body. (a) Flexion # extension # and hyperextension of the neek. 
(b) Flexion # extension and hyperextension of the vertebral column. (e) Flexion and extension of the knee and shoulder # 
and hyperextension of the shoulder. 


position); the opposite of pronation. During supination, the 
radius and ulna are parallel. 

The last four terms refer to movements of the foot: 

Dorsiflexion (Figure 11.5g): A movement of the ankle joint 
that lifts the foot so that its superior surface approaehes the 
shin. 


Plantar flexion (Figure 11.5g): A movement of the ankle 
joint in which the foot is flexed downward as if standing on 
one’s toes or pointing the toes. 

Inversion (Figure 11.5h): A movement that turns the sole of 
the foot medially. 

Eversion (Figure 11.5h): A movement that turns the sole of 
the foot laterally; the opposite of inversion. mè 
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Abduction 




Adduction 


i 







Circumduction 







Pronation 
(radius rotates 
over ulna) 



Supination 
(radius and ulna 
are parallel) 






Figure 11.5 (continued) (d) Abduction # adduction # 
and circumduction of the upper limb. (e) Rotation 
of the head and lovver limb. (f) Pronation and 
supination of the forearm. (g) Dorsiflexion and 
plantar flexion of the foot. (h) Inversion and 
eversion of the foot. 


(h) 
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Figure 11.6 Hip joint relationships. (a) Frontal seetion 
through the right hip joint. (b) Anterior superfieiaI vievv 
of the right hip joint. (e) Photograph of the interior of 
the hip joint # lateral vievv. 

Seleeted Synovial Joints 

Now you will have the opportunity to eompare and eontrast 
the structure of the hip and knee joints and to investigate the 
structure and movements of the temporomandibular joint and 
shoulder joint. 

The Hip and Knee Joints 

Both of these joints are large weight-bearing joints of the 
lower limb, but they differ substantially in their security. Read 
through the brief deseriptive material below, and look at the 
questions in the review sheet at the end of this exercise before 
beginning your eomparison. 

The Hip Joint 

The hip joint is a ball-and-soeket joint, so movements ean 
occur in all possible planes. However, its movements are 
definitely limited by its deep soeket and strong reinforeing 
ligaments, the two faetors that account for its exceptional 
stability (Figure 11.6). 

The deeply cupped acetabulum that reeeives the head 
of the femur is enhaneed by a circular rim of fibroeartilage 
ealled the acetabular labrum. Because the diameter of the 
labram is smaller than that of the femur’s head, disloeations 
of the hip are rare. A short ligament, the ligament of the head 
of the femur (ligamentum teres) rans from the pitlike fovea 
eapitis on the femur head to the acetabulum where it helps 
to secure the femur. Several strong ligaments, including the 
iliofemoral and pubofemoral anteriorly and the isehiofemo- 
ral that spirals posteriorly (not shown), are arranged so that 
they “screw” the femur head into the soeket when a person 
stands upright. 


A C T I V I T Y 6 


Demonstrating Aetions at the Hip Joint 

If a functional hip joint model is available, identify the joint 
parts and manipulate it to demonstrate the following move- 
ments: flexion, extension, abduction, and medial and lateral 
rotation that ean occur at this joint. 

Reread the information on what movements the assoei- 
ated ligaments restriet, and verify that information during 
yourjoint manipulations. H 

The Knee Joint 

The knee is the largest and most complex joint in the body. 
Three joints in one (Figure 11.7), it allows extension, flex- 
ion, and a little rotation. The tibiofemoral joint, actually 
a duplex joint between the femoral eondyles above and the 
menisei (semilunar eartilages) of the tibia below, is function- 
ally a hinge joint, a very unstable one made slightly more 
secure by the menisei (Figure 11.7b and d). Some rotation 
occurs when the knee is partly flexed, but during extension, 
the menisei and ligaments counteract rotation and side-to- 
side movements. The other joint is the femoropatellar joint, 
the intermediate joint anteriorly (Figure 11.7a and e). 



(Text continues on page 178.) 
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Figure 11.7 Knee joint relationships. (a) Midsagitta 
seetion of right knee joint. (b) Anterior view of slightly 
flexed right knee joint showing the eriieiate ligaments. 
Articular capsule has been removed; the quadriceps 
tendon has been cut and refleeted distally. (e) Anterior 
superfieial view of the right knee. (d) Photograph of 
an opened knee joint eorresponds to view in (b). (e) 
Posterior superfieiaI view of the ligaments elothing the 
knee joint. 
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Exercise 11 


GROUP GHALLENGE 


Articulations: "Simon Says" 

Working in groups of three or four, play a game of “Simon 
Says” using the movements defined in the exercise (see 
pages 173-175). One student will play the role of “Simon” 
while the others perform the movement. For example, when 
“Simon” says, “Simon says, perform flexion at the elbow,” 
the remaining students would flex their arm. Take turns 


playing the role of Simon. As you perform the movements, 
eonsider and discuss whether the joint allows for other move- 
ments and whether the joint is uniaxial, biaxial, or multiaxial. 
(Use Table 11.1 as a guide.) After playing for 15-20 minutes, 
eomplete the following tables. 




Name of joint 

Movements allowed 

1. List two uniaxial joints and 
deseribe the movements at eaeh. 





2. List two biaxial joints and 
deseribe the movements at eaeh. 





3. List two multiaxial joints and 
deseribe the movements at eaeh. 







The knee is unique in that it is only partly enelosed by an 
articular capsule. Anteriorly, where the capsule is absent, are 
three broad ligaments, the patellar ligament and the medial 
and lateral patellar retinacula (retainers), which run from 
the patella to the tibia below and merge with the capsule on 
either side. 

Capsular ligaments including the fibular and tibial eol- 
lateral ligaments (which prevent rotation during extension) 
and the oblique popliteal and arcuate popliteal ligaments 
are emeial in reinforeing the knee. The knees have a built- 
in loeking deviee that must be “unlocked” by the popliteus 
muscles (Figure 11.7e) before the knees ean be flexed again. 
The emeiate ligaments are intracapsular ligaments that eross 
(cruci = eross) in the noteh between the femoral eondyles. 
They prevent anterior-posterior displaeement of the joint and 
overflexion and hyperextension of the joint. 


AOTIVITY 7 


Demonstrating Aetions at the Knee Joint 

If a fiinetional model of a knee joint is available, identify the 
joint parts and manipulate it to illustrate the following move- 
ments: flexion, extension, and medial and lateral rotation. 

Reread the information on what movements the various 
assoeiated ligaments restriet, and verify that information dur- 
ing your joint manipulations. aas 


The Shoiilder Joint 

The shoulder joint or glenohumeral joint is the most freely 
moving j oint of the body. The rounded head of the humems fits 
the shallow glenoid eavity of the scapula (Figure 11.8). A rim of 
fibroeartilage, the glenoid labmrn, deepens the eavity slightly. 

The articular capsule enelosing the joint is thin and loose, 
contributing to ease of movement. Few ligaments reinforee 
the shoulder, most of them loeated anteriorly. The eoraeo- 
humeral ligament helps support the weight of the upper 
limb, and three weak glenohumeral ligaments strengthen 
the front of the capsule. In some people they are absent. Mus- 
ele tendons from the bieeps braehii and rotator cuff muscles 
(subscapularis, supraspinatus, infraspinatus, and teres minor) 
contribute most to shoulder stability. 


A C T I V I T Y 8 


Demonstrating Aetions 
at the Shoulder Joint 

If a functional shoulder joint model is available, identify the 
joint parts and manipulate the model to demonstrate the fol- 
lowing movements: flexion, extension, abduction, adduction, 
circumduction, and medial and lateral rotation. 

Note where the joint is weakest and verify the most eom- 
mon direetion of a disloeated humerus. M 
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Figure 11.8 Shoulder joint relationships. (a) Frontal seetion through the shoulder. 
(b) Right shoulder joint # cut open and vievved from the lateral aspeet; humerus 
removed. (e) Photograph of the interior of the shoulder joint # anterior view. 

(d) Anterior superfieial view of the right shoulder. 


The Temporomandibular Joint 

The temporomandibular joint (TMJ) lies just anterior 
to the ear (Figure 11.9), where the egg-shaped eondylar 
proeess of the mandible articulates with the inferior surface 
of the squamous region of the temporal bone. The temporal 
bone joint surface has a eomplieated shape: posteriorly is 
the mandibular fossa and anteriorly is a bony knob ealled 
the articular tubercle. The joint’s articular capsule, though 
strengthened by the lateral ligament, is slaek; an articu- 
lar dise divides the joint eavity into superior and inferior 
eompartments. Typieally, the eondylar process-mandibular 
fossa eonneetion allows the familiar hingelike movements 


of elevating and depressing the mandible to open and elose 
the mouth. However, when the mouth is opened wide, the 
eondylar proeess glides anteriorly and is braeed against the 
dense bone of the articular tubercle so that the mandible is not 
foreed superiorly when we bite hard foods. 


A C T I V I T Y 9 


Examining the Aetion at the TMJ 

While plaeing your fingers over the area just anterior to the 
ear, open and elose your mouth to feel the hinge aetion at 
the TMJ. Then, keeping your fingers on the TMJ, yawn to 
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(a) Loeation of the joint in the skull 


Articular dise 


Articular 

tubercle 


Mandibular 


Superior 


Articular 

capsule 


Synovial 
membranes 


Oondylar 
proeess of 
mandible 



Ramus of 
mandible 


Inferior joint 
eavity 


(b) Enlargement of a sagittal seetion throiigh the joint 


Figure 11.9 The temporomandibular (jaw) joint relationships. Note that the 
superior and inferior eompartments of the joint eavity allow different movements 
indieated by arrows. 


demonstrate the anterior gliding of the eondylar proeess of 
the mandible. ■ 


Joint Disorders 

Most of us don’t think about our joints until some- 
thing goes wrong with them. Joint pains and mal- 
functions are caused by a variety of things. For example, a 
hard blow to the knee ean cause a painful bursitis, known as 
“water on the knee,” due to damage to, or inflammation of, the 
patellar bursa. Slippage of a fibroeartilage pad or the tearing 
of a ligament may result in a painful eondition that persists 
over a long period, sinee these poorly vascularized structures 
heal so slowly. 

Sprains and disloeations are other types of joint problems. 
In a sprain, the ligaments reinforeing a joint are damaged by 
overstretehing or are torn away from the bony attaehment. 
Sinee both ligaments and tendons are eords of dense eonnee- 
tive tissue with a poor blood supply, sprains heal slowly and 
are quite painful. 


Disloeations occur when bones are foreed out of their 
normal position in the joint eavity. They are normally 
aeeompanied by torn or stressed ligaments and eonsiderable 
inflammation. The proeess of returning the bone to its proper 
position, ealled reduction, should be done only by a physi- 
eian. Attempts by the untrained person to “snap the bone baek 
into its soeket” are often more harmful than helpful. 

Advaneing years also take their toll on joints. Weight- 
bearing joints in particular eventually begin to degenerate. 
Adhesions (fibrous bands) may form between the surfaces 
where bones join, and extraneous bone tissue (spurs) may 
grow along the joint edges. Such degenerative ehanges lead 
to the eomplaint so often heard from the elderly: í4 My joints 
are getting so stiff. ...” 

• If possible, eompare an X ray of an arthritie joint to one 
of a normal joint. + 
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Fibroiis, Cartilaginous, and Synovial Joints 


1. Use key responses to identify the joint types deseribed below. 


Key: a. cartilaginous 


b. fibrous 


e. synovial 



1 . 

2 . 

3 . 

4. 

5. 

6 . 


typieally allows a slight degree of movement 

includes joints between the vertebral bodies and the pubic symphysis 

essentially immovable joints 

sutures are the most remembered examples 

eharaeterized by eartilage eonneeting the bony portions 

all eharaeterized by a fibrous articular capsule lined with a synovial membrane surrounding a 
joint eavity 





7. all are freely movable or diarthrotie 

8. bone regions united by fibrous eonneetive tissue 

9. include the hip, knee, and elbow joints 


2. Deseribe the tissue type and function of the following structures in relation to a synovial joint and label the structures indi- 
eated by leader lines in the diagram. Use an appropriate referenee if needed. 


ligament: 


tendon: 


articular eartilage: 


synovial membrane: 



bursa: 
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Revievv Sheet 11 


3. Mateh the synovial joint eategories in column B with their deseriptions in column A. 

Column A 

_ 1. joint between the axis and atlas 

_ 2. hipjoint 

_ 3. intervertebral joints (between articular proeesses) 

_ 4. joint between forearm bones and wrist 

_ 5. elbow 

_ 6. interphalangeal joints 

_ 7. interearpal joints 

_ 8. joint between talus and tibia/fibula 

_ 9. joint between skull and vertebral column 

_ 10. joint between jaw and skull 

_ 11. joints between proximal phalanges and metaearpal bones 

_ 12. a multiaxial joint 


Column B 

a. ball and soeket 

b. eondylar 
e. hinge 

d. pivot 

e. plane 

f. saddle 


13. biaxial joints 

14. uniaxial joints 


4. indieate the number of planes in which eaeh joint ean move. 

_uniaxial joints_biaxial joints_multiaxial joints 

5. What eharaeteristies do all joints have in eommon?_ 


Seleeted Synovial Joints 

6 . Which joint, the hip or the knee, is more stable?_ 

Name two important faetors that contribute to the stability of the hip joint. 

_and_ 

Name two important faetors that contribute to the stability of the knee. 
_and_ 
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The diagram shows a frontal seetion of the hip joint. Identify its major structural elements by using the key letters. 

Key: 

a. acetabular labmm 

b. articular capsule 

e. articular eartilage 

d. coxal bone 

e. head of femur 

f. ligament of the head of the femur 

g. synovial eavity 

The shoulder joint is built for mobility. List four faetors that contribute to the large range of motion at the shoulder: 

1 . _ 

2 . _ 

3 . _ 

4. _ 

9 . In which direetion does the shoulder usually disloeate? _ 

Movements Allovved 
by Synovial Joints 

10 . Which letter of the adjaeent diagram marks the origin 

of the muscle?_Which letter marks the 

insertion?_ 

Insert the words origin and insertion into the following 
sentenee: 

During muscle eontraetion, the_moves 

toward the_ 


A 



Tendon 
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11. Complete the deseriptions below the diagrams by inserting the type of movement in eaeh answer blank. 



(a) _oftheelbow (e)_of the shoulder (e)_of the shoulder 

(b) _oftheknee (d)_ofthehip 



(f) 


of the foot 




of the head 




of the hand 


Joint Disorders 

12 . What structural j oint ehanges are eommon to the elderly? 


13 . Define the following terms. 

sprain: _ 

disloeation: 


14 . What types of tissue damage might you expect to find in a disloeated joint? 































MATERIALS 

□ Three-dimensional model of skeletal 
muscle eells (if available) 

□ Foreeps 

□ Disseeting needles 

□ Clean mieroseope slides and eoverslips 

□ 0.9% saline solution in dropper bottles 

□ Chicken breast or thigh muscle (freshly 
obtained from the meat market) 


OBJECTIVES 

1. Define fiber, myofibril and myofilament and deseribe the structural 
relationship betvveen them. 

2. Deseribe thiek (myosin) and thin (aetin) filaments and their relation to 
the sareomere. 




3. Discuss the structure and loeation of T tubules and terminal eisterns. 

4. Define endomysium, perimysium f and epimysium and relate them to rrmsele 
fibers, faseieles, and entire muscles. 


□ Compound mieroseope 

□ Prepared slides of skeletal rrmsele (l.s. 
and x.s. vievvs) and skeletal muscle 
shovving neuromuscular junctions 

□ Three-dimensional model of skeletal 
muscle shovving neuromuscular 
junction (if available) 


5. Define tendon and aponeurosis and deseribe the differenee betvveen them. 

6. Deseribe the structure of skeletal muscle from gross to mieroseopie levels. 

7. Explain the eonneetion betvveen motor neurons and skeletal muscle and 
discuss the structure and function of the neuromuscular junction. 


PRE-LAB Q U I Z 


M. 



MasteringA&F ® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



1. Which is not true of skeletal muscle? 

a. It enables you to manipulate your environment. 

b. It influences the body's contours and shape. 

e. It is one of the major eomponents of hollow organs. 

d. It provides a means of loeomotion. 

2. Circle the eorreet underlined term. Because the eells of skeletal muscle are 
relatively large and eylindrieal in shape, they are also known as fibers / 
tubules . 

3. Circle True or False. Skeletal muscle eells have more than one nucleus. 

4. The two eontraetile proteins that make up the myofilaments of skeletal 

muscle are_and_. 

5. Eaeh rrmsele eell is surrounded by thin eonneetive tissue ealled the 

a. aponeuroses e. endomysium 

b. epimysium d. perimysium 

6. A eordlike structure that eonneets a muscle to another muscle or bone is 

a. a faseiele 

b. a tendon 

e. deep faseia 

7. The junction between an axon and a rrmsele fiber is ealled a_. 

8. Circle True or False. The neuron and rrmsele fiber membranes do not actually 
touch but are separated by a fluid-filled gap. 

9. Circle the eorreet underlined term. The eontraetile unit of muscle is the 
sareolemma / sareomere . 

10. Circle True or False. Larger, more powerful muscles have relatively less 
eonneetive tissue than smaller muscles. 
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Exercise 12 


Nuclei 




Fiber 


Dark A band 
Light I band 


Figure 12.1 Mieroseopie anatomy of 
skeletal muscle. (a) Photomierograph 
of portions of two isolated muscle 
fibers (725x). (b) Part of a muscle 
fiber. One myofibril has been 
extended. (e) Enlarged view of 
a myofibril showing its banding 
pattern. (d) Enlarged view of one 
sareomere (eontraetile unit) of a 
myofibril. (e) Cross-sectional view of 
a sareomere cut through ín different 
areas. 
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Thin (aetin) filament — 
Thiek (myosin) filament 



Nucleus 


^ Zdise 


H zone Z dise 



I band A band I band M line 


i i 

-Sareomere- 


f 


M line 


Thin (aetin) filament 


Elastie (titin) filaments 


Thiek (myosin) filament 


(d) 


Z dise 



(e) 


I band 

thin filaments 
only 


H zone 

thiek filaments 
only 


M line 

thiek filaments linked 
by aeeessory proteins 


Outer edge of A band 

thiek and thin 
filaments overlap 
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Part of a skeletal 
muscle fiber (eell) 


band 


A band 


band 


Sareolemma 



Z dise 


H zone 



Z dise 


Myofibril 


• * • l ■ Vi 

F » fi 

*,%*,** 

* + s 11 »1 

jp I- fi m 



Sareolemma 


Triad: 


T tubule 

Terminal 
eisterns 
of the SR (2) 


Tubules of 
the SR 


Myofibrils 


Mitoehondria 


Fígure 12.2 Relationship of the sareoplasmie reticulum and T tubules to the 
myofibrils of skeletal muscle. 


M ost of the muscle tissue in the body is skeletal 

muscle, which attaehes to the skeleton or assoei- 
ated eonneetive tissue. Skeletal muscle shapes the 
body and gives you the ability to move—to walk, run, jump, 
and danee; to draw, paint, and play a musical instmment; and 
to smile and frown. The remaining muscle tissue of the body 
eonsists of smooth muscle that forms the walls of hollow 
organs and eardiae muscle that forms the walls of the heart. 
Smooth and eardiae muscle move materials within the body. 
For example, smooth muscle moves digesting food through 
the gastrointestinal system, and urine from the kidneys to the 
exterior of the body. Cardiac muscle moves blood through 
the blood vessels. 

Eaeh of the three muscle types has a structure and func- 
tion uniquely suited to its task in the body. Our focus here is 
to investigate the structure of skeletal muscle. 

Skeletal muscle is also known as voluntary muscle 
because it ean be consciously eontrolled, and as striated 
muscle because it appears to be striped. As you might guess 
from both of these alternative names, skeletal muscle has 
some speeial eharaeteristies. Thus an investigation of skeletal 
muscle begins at the cellular level. 

The Cells of Skeletal Miisele 

Skeletal muscle is made up of relatively large, long eylindri- 
eal eells, sometimes ealled fibers. These eells range from 10 
to 100 pm in diameter and some are up to 30 em long. 

Sinee hundreds of embryonie eells fuse to produce eaeh 
muscle eell, the eells (Figure 12.1a and b) are multinucle- 
ate; multiple oval nuclei ean be seen just beneath the plasma 


membrane (ealled the sareolemma in these eells). The nuclei are 
pushed peripherally by the longitudinally arranged myo- 
fibrils, which nearly fill the sareoplasm. Alternating light 
(I) and dark (A) bands along the length of the perfeetly 
aligned myofibrils give the muscle fiber as a whole its striped 
appearanee. 

Eleetron mieroseope studies have revealed that the myo- 
fibrils are made up of even smaller threadlike structures ealled 
myofilaments (Figure 12. ld). The myofilaments are eom- 
posed largely of two varieties of eontraetile proteins— aetin 
and myosin —which slide past eaeh other during muscle 
aetivity to bring about shortening or eontraetion of the muscle 
eells. It is the highly speeifie arrangement of the myofila- 
ments within the myofibrils that is responsible for the band- 
ing pattern in skeletal muscle. The actual eontraetile units of 
muscle, ealled sareomeres, extend from the middle of one 
I band (its Z dise) to the middle of the next along the length 
of the myofibrils (Figure 12. le and d.) Cross seetions of the 
sareomere in areas where thiek and thin fílaments overlap 
show that eaeh thiek filament is surrounded by six thin fila- 
ments; eaeh thin filament is enelosed by three thiek filaments 
(Figure 12. le). 

At eaeh junction of the A and I bands, the sareolemma 
indents into the muscle eell, forming a transverse tubule 
(T tubule). These tubules run deep into the muscle eell 
between eross ehannels, or terminal eisterns, of the elabo- 
rate smooth endoplasmie reticulum ealled the sareoplas- 
mie reticulum (SR) (Figure 12.2). Regions where the SR 
terminal eisterns border a T tubule on eaeh side are ealled 
triads. 
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Exercise 12 


Nuclei of muscle fibers 



Muscle fibers, 

longitudinal 

view 


Muscle fibers, 

eross-seetional 

view 


Figure 12.3 Photomierograph of muscle fibers, 
longitudinal and eross seetions (800x). 


A C T I V I T Y 1 


Examining Skeletal Mnsele Cell Anatomy 

1. Look at the three-dimensional model of skeletal muscle 
eells, noting the relative shape and size of the eells. Identify 
the nuclei, myofibrils, and light and dark bands. 

2. Obtain foreeps, two disseeting needles, slide and eov- 
erslip, and a dropper bottle of saline solution. With foreeps, 
remove a very small pieee of muscle (about 1 mm diameter) 
from a fresh ehieken breast or thigh. Plaee the tissue on a 
elean mieroseope slide, and add a drop of the saline solution. 

3. Pull the muscle fibers apart (tease them) with the disseet- 
ing needles until you have a fluffy-looking mass of tissue. 
Cover the teased tissue with a eoverslip, and observe under 
the high-power lens of a compound mieroseope. Look for the 
banding pattern by examining muscle fibers isolated at the 
edge of the tissue mass. Regulate the light carefully to obtain 
the highest possible eontrast. 

4. Now eompare your observations with the photomierograph 
(Figure 12.3) and with what ean be seen in professionally 
prepared muscle tissue. Obtain a slide of skeletal muscle (longitu- 
dinal seetion), and view it under high power. From your observa- 
tions, draw a small seetion of a muscle fiber in the spaee provided 
below. Label the nuclei, sareolemma, and A and I bands. 



What structural details beeome apparent with the prepared 
slide? 



Organization of Skeletal Muscle 
Cells into Muscles 


Muscle fibers are soft and surprisingly fragile. Thousands 
of muscle fibers are bundled together with eonneetive tis- 
sue to form the organs we refer to as skeletal muscles 
(Figure 12.4). Eaeh muscle fiber is enelosed in a delieate, 
areolar eonneetive tissue sheath ealled the endomysium. 
Several sheathed muscle fibers are wrapped by a eollagenie 
membrane ealled the perimysium, forming a bundle of 
fibers ealled a faseiele. A large number of faseieles are 
bound together by a much eoarser “overeoat’’ of dense eon- 
neetive tissue ealled the epimysium, which sheathes the 
entire muscle. These epimysia blend into the deep faseia, 
still eoarser sheets of dense eonneetive tissue that bind 
muscles into functional groups, and into strong eordlike 
tendons or sheetlike aponeuroses, which attaeh muscles 
to eaeh other or indireetly to bones. A muscle’s more mov- 
able attaehment is ealled its insertion whereas its fixed (or 
immovable) attaehment is the origin (Exercise 11). 

Tendons perform several functions, two of the most 
important being to provide durability and to eonserve spaee. 
Because tendons are tough eollagenie eonneetive tissue, 
they ean span rough bony projeetions that would destroy 
the more delieate muscle tissues. Because of their relatively 
small size, more tendons than fleshy muscles ean pass over 
a joint. 

In addition to supporting and binding the muscle fibers, 
and providing strength to the muscle as a whole, the eon- 
neetive tissue wrappings provide a route for the entry and 
exit of nerves and blood vessels that serve the muscle fibers. 
The larger, more powerful muscles have relatively more 
eonneetive tissue than muscles involved in fine or delieate 
movements. 

As we age, the mass of the muscle fibers deereases, 



and the amount of eonneetive tissue inereases; thus 
the skeletal muscles gradually beeome more sinewy, or 
“stringier.”+ 


A C T I V I T Y 2 


Observing the Histologieal Structure 
of a Skeletal Muscle 

Identify the muscle fibers, their peripherally loeated nuclei, 
and their eonneetive tissue wrappings—the endomysium, 
perimysium, and epimysium, if visible (use Figure 12.4 as a 
referenee). wm 

The Neuromuscular Junction 

The voluntary skeletal muscle eells must be stimulated by 
motor neurons via nerve impulses. The junction between an 
axon of a motor neuron and a muscle eell is ealled a neuro- 
muscular, or myoneural, junction (Figure 12.5). 

Eaeh axon of the motor neuron usually divides into 
many branehes ealled terminal branehes as it approaehes 
the muscle. Eaeh of these branehes ends in an axon terminal 
that partieipates in forming a neuromuscular junction with a 
single muscle eell. Thus a single neuron may stimulate many 
muscle fibers. Together, a neuron and all the muscle fibers 
it stimulates make up the functional structure ealled the 
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Epimysium 


Perimysium 


Endomysiunn 


Muscle fiber 
within a 
faseiele 


Perimysium wrapping a faseiele 


(between individual muscle fibers) 


Muscle fiber 


Faseiele 


Perimysium 


(a) 


Figure 12.4 Connective tissue eoverings of skeletal musde. (a) Diagrammatie view. (b) Photomierograph of a 
eross seetion of skeletal muscle (90x). 



Sareoplasm 
of muscle fiber 


(j 

AChV^> 

reeeptors 


Junctional folds 
of sareolemma 


Axon terminal of 
motor neuron 


Sareolemma 


Synaptie vesiele 
eontaining ACh 


Mitoehondrion 


Synaptie 

eleft 


motor iinit. (Part of a motor unit, showing two neuromus- 
cular junctions, is shown in Figure 12.6.) The neuron and 
muscle fiber membranes, elose as they are, do not actually 
touch. They are separated by a small fluid-filled gap ealled 
the synaptie eleft (see Figure 12.5). 

Within the axon terminals are many mitoehondria and 
vesieles eontaining a neurotransmitter ehemieal ealled aee- 
tyleholine (ACh). When a nerve impulse reaehes the axon 
terminal, some of these vesieles release their eontents into the 
synaptie eleft. The ACh rapidly diffuses aeross the junction 
and eombines with the reeeptors on the sareolemma. When 
reeeptors bind ACh, a ehange in the permeability of the sar- 
eolemma occurs. Channels that allow both sodium (Na + ) and 
potassium (K + ) ions to pass open briefly. Because more Na + 
diffuses into the muscle fiber than K + diffuses out, depolar- 
ization of the sareolemma and subsequent eontraetion of the 
muscle fiber occurs. 


Figure 12.5 The neuromuscular junction. Red arrows 
indieate arrival of the nerve impiilse (aetion potential), 
which ultimately causes vesieles to release ACh. The ACh 
reeeptor is part of the ion ehannel that opens briefly # 
causing depolarization of the sareolemma. 

































190 


Exercise 12 



Terminal 
braneh of 
an axon 

Axon 

terminal at 

neuromuscular 

junction 


Muscle fibers 


A C T I V I T Y 3 


Studying the Structure of a 
Neuromuscular Junction 

1. If possible, examine a three-dimensional model of skel- 
etal muscle eells that illustrates the neuromuscular junction. 
Identify the structures just deseribed. 

2. Obtain a slide of skeletal muscle stained to show a por- 
tion of a motor unit. Examine the slide under high power to 
identify the axon fibers extending leashlike to the muscle 
eells. Follow one of the axon fibers to its terminus to identify 
the oval-shaped axon terminal. Oompare your observations 
to the photomierograph (Figure 12.6). Sketeh a small seetion 
in the spaee provided below. Fabel the axon of the motor 
neuron, its terminal branehes, and muscle fibers. H 



Figure 12.6 Photomierograph of neuromuscular 
junctions (750x). 








Name 


Lab Time/Date 



Mieroseopie Anatomy 
and Organization of 
Skeletal Muscle 


Skeletal Muscle Cells and Their Organization into Muscles 


1. Use the items in the key to eorreetly identify the structures deseribed below. 


Key: 


1. eonneetive tissue eovering a bundle of muscle eells 


a. endomysium 


2. bundle of muscle eells 


b. epimysium 


e. faseiele 


3. eontraetile unit of muscle 


d. fiber 


4. a muscle eell 


e. myofibril 


5. thin areolar eonneetive tissue surrounding eaeh muscle eell 


f. myofilament 


6. plasma membrane of the muscle fiber 


g. perimysmm 


7. a long filamentous organelle with a banded appearanee 
found within muscle eells 


h. sareolemma 


ì. 


sareomere 


8. aetin- or myosin-eontainmg structure 


J- 


sareoplasm 


9. eord of eollagen fibers that attaehes a muscle to a bone 


k. tendon 


h 







> 



2. List three reasons why the eonneetive tissue wrappings of skeletal muscle are important. 


3. Why are there more indireet—that is, tendinous 


muscle attaehments to bone than there are direet attaehments? 


4 . How does an aponeurosis differ from a tendon structurally? 


How is an aponeurosis functionally similar to a tendon? 
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Revievv Sheet 12 


5. The diagram illustrates a small portion of several myofibrils. Using letters from the key, eorreetly identify eaeh structure 
indieated by a leader line or a braeket. 



A band 
aetin filament 
I band 


d. myosin filament 

e. T tubule 

f. terminal eistern 


g. triad 

h. sareomere 

i. Z dise 



6. On the following figure, label a blood vessel, endomysium, epimysium, a faseiele, a muscle eell, perimysium, and the tendon. 
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The Neuromuscular Junction 

7. Complete the following statements: 

The junction between a motor neuron’s axon and the muscle eell membrane 
is ealled a 1 junction. A motor neuron and all of the skeletal muscle eells it 
stimulates is ealled a 2 . The actual gap between the axon terminal and the 
muscle eell is ealled a 3 . Within the axon terminal are many small vesieles 
eontaining a neurotransmitter substance ealled 4 . When the 5 reaehes the 
ends of the axon, the neurotransmitter is released and diffuses to the muscle eell 
membrane to eombine with reeeptors there. The eombining of the neurotrans- 
mitter with the muscle membrane reeeptors causes the membrane to beeome 
permeable to both sodium and potassium. The greater influx of sodium ions 
results in 6 of the membrane. Then eontraetion of the muscle eell occurs. 


1 . 

2 . 

3. 

4. 

5. 

6 . 


8. The events that occur at a neuromuscular junction are depieted below. Identify by labeling every structure provided with a 
leader line. 


Jiinetional — 
folds of the 
sareolemma 


Nucleus 




Key: 

a. axon terminal 

b. mitoehondrion 

e. muscle fiber 

d. myelinated axon 

e. synaptie eleft 

f. T tubule 

g. vesiele eontaining ACh 


Part of a 
myofibril 
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MATERIALS 

□ Human torso model or large 
anatomieal chartshowing human 
musculature 

□ Human eadaver for demonstration 
(if available) 

□ Disposable gloves 

□ Human Musculature video 

□ Tubes of body (or faee) paint 

□ 1" wide artist's brushes 


OBJECTIVES 

1. Define prime mover (agonist), antagonist, synergist, and fixator. 

2. Listthe eriteria used in naming skeletal muscles. 

3. Identify the major muscles of the human body on a torso model, a 
human eadaver, lab ehart, or image, and state the aetion of eaeh. 

4. Name rrmsele origins and insertions as required by the instructor. 

5. Explain how muscle aetions are related to their loeation. 

6. List antagonists for the major prime movers. 





For instructions on animal dissee- 
tions, see the disseetion exercises 
(starting on page 697) in the eat and fetal 
pig editions of this manual. 


PRE-LAB Q U I Z 


1. A prime mover or_produces a particular type of movement. 

a. agonist e. fixator 

b. antagonist d. synergist 

2. Skeletal muscles are named on the basis of many eriteria. Name one. 


M 



MasteringA&P @ For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



3. Circle True or False. Muscles of faeial expression differ from most skeletal 
muscles because they usually do not insert into a bone. 

4. The_musculature includes muscles that move the vertebral 

column and muscles that move the ribs. 

a. head and neek b. lower limb e. trunk 

5. Muscles that aet on the_cause movement at the hip, knee, and 

foot joints. 

a. lower limb b. trunk e. upper limb 

6. This two-headed muscle bulges when the forearm is flexed. It is the most 
familiar muscle of the anterior humerus. It is the 

a. bieeps braehii e. extensor digitomm 

b. flexor earpii radialis d. trieeps braehii 

7. These abdominal muscles are responsible for giving me my "six-pack." They 

also stabilize my pelvis when walking. They are the_rrmseles. 

a. internal intereostal e. quadriceps 

b. rectus abdominis d. trieeps femoris 

8. Circle the eorreet underlined term. This lower limb rrmsele, which attaehes 
to the calcaneus via the ealeaneal tendon and plantar flexes the foot when 
the knee is extended, is the tibialis anterior / aastrocnemius . 

9. The_is the largest and most superficial of the gluteal muscles. 

a. gluteus internus e. gluteus maximus 

b. gluteus medius d. gluteus mininrms 

10. Circle True or False. The bieeps femoris is loeated in the anterior 
eompartment of the thigh. 
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Exercise 13 


S keletal muscles cause movement. Among the move- 

ments are smiling, frowning, speaking, singing, breath- 
ing, daneing, mnning, and playing a musical instmment. 
Most often, purposeful movements require the eoordinated 
aetion of several skeletal muscles. 

eiassifieation 
of Skeletal Muscles 

Types of Musdes 

Muscles that are most responsible for producing a particular 
movement are ealled prime movers, or agonists. Muscles 
that oppose or reverse a movement are ealled antagonists. 
When a prime mover is aetive, the fibers of the antagonist are 
stretehed and in the relaxed state. The antagonist ean also reg- 
ulate the prime mover by providing some resistanee, to pre- 
vent overshoot or to stop its aetion. Antagonists ean be prime 
movers in their own right. For example, the bieeps muscle of 


the arm (a prime mover of elbow flexion) is antagonized by 
the trieeps (a prime mover of elbow extension). 

Synergists aid the aetion of agonists either by assist- 
ing with the same movement or by reducing undesirable or 
unnecessary movement. Contraction of a muscle erossing two 
or more joints would cause movement at all joints spanned if 
the synergists were not there to stabilize them. For example, 
you ean make a fist without bending your wrist only because 
synergist muscles stabilize the wrist joint and allow the prime 
mover to exert its foree at the finger joints. 

Fixators, or fixation muscles, are speeialized synergists. 
They immobilize the origin of a prime mover so that all the 
tension is exerted at the insertion. Muscles that help maintain 
posture are fixators; so too are muscles of the baek that stabi- 
lize or “fix” the scapula during arm movements. 


Naming Skeletal Muscles 

Remembering the names of the skeletal muscles is a monu- 
mental task, but eertain clues help. Muscles are named on the 
basis of the following eriteria: 


Figure 13.1 Patterns of faseiele 
arrangement in muscles. 



(b) Convergent 

(Peetoralis major) 



(e) Parallel 

(Sartorius) 



(d) Llnipennate 

(Extensor digitomm longus) 



(a) Circular 

(Orbicularis oris) 




(e) Multipennate 

(Deltoid) 



(f) Fusiform 

(Bieeps braehii) 



(g) Bipennate 

(Rectus femoris) 
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• Direetion of muscle fíbers: Some muscles are named in 
referenee to some imaginary line, usually the midline of the 
body or the longitudinal axis of a limb bone. A muscle with 
fibers (and faseieles) mnning parallel to that imaginary line 
will have the term reetrn (straight) in its name. For example, 
the rectus abdominis is the straight muscle of the abdomen. 
Likewise, the terms transverse and oblique indieate that the 
muscle fibers run at right angles and obliquely (respeetively) 
to the imaginary line. Muscle structure is determined by fas- 
eiele arrangement (Figure 13.1). 

• Relative size of the miisele: Terms such as maximus 
(largest), minimus (smallest), longus (long), and brevis (short) 
are often used in naming muscles—as in gluteus maximus 
and gluteus minimus. 

• Loeation of the muscle: Some muscles are named for 
the bone with which they are assoeiated. For example, the 
temporalis muscle overlies the temporal bone. 

• Niimber of origins: When the term bieeps, trieeps, or 
quadriceps forms part of a muscle name, you ean generally 
assume that the muscle has two, three, or four origins (respee- 
tively). For example, the bieeps muscle of the arm has two 
heads, or origins. 

• Loeation of the muscle’s origin and insertion: For 

example, the sternoeleidomastoid muscle has its origin on 
the sternum (sterno) and elaviele ( eleido), and inserts on the 
mastoid proeess of the temporal bone. 

• Shape of the muscle: For example, the deltoid muscle 
is roughly triangular (deltoid = triangle), and the trapezius 
muscle resembles a trapezoid. 

• Aetion of the muscle: For example, all the adductor 
muscles of the anterior thigh bring about its adduction, and 
all the extensor muscles of the wrist extend the wrist. 

identifieation 
of Human Muscles 

While reading the tables and identifying the various human 
muscles in the figures, try to visualize what happens when 
the muscle eontraets. Sinee muscles often have many aetions, 
we have indieated the primary aetion of eaeh muscle in blue 
type in the tables. Then, use a torso model or an anatomieal 
ehart to again identify as many of these muscles as possible. 
If a human eadaver is available for observation, your instme- 
tor will provide speeifie instmetions for muscle examination. 
Then earry out the instmetions for demonstrating and palpat- 
ing muscles. (Figure 13.2 and Figure 13.3 are summary 
figures illustrating the superficial musculature of the body as 
a whole.) 

Musdes of the Head and Neek 

The muscles of the head serve many speeifie functions. For 
instanee, the muscles of faeial expression differ from most 
skeletal muscles because they insert into the skin or other 
muscles rather than into bone. As a result, they move the 
faeial skin, allowing a wide range of emotions to be shown 
on the faee. Other muscles of the head are the muscles of 


mastieation, which move the mandible during chewing, and 
the six extrinsic eye muscles loeated within the orbit, which 
aim the eye. (Orbital muscles are studied in Exercise 23.) 
Neek muscles are primarily eoneerned with the movement of 
the head and shoulder girdle. 


A C T I V I T Y 1 


Identifying Head and Neek Muscles 

Read the deseriptions of speeifie head and neek muscles and 
identify the various muscles in the figures (Tables 13.1 and 
13.2 and Figiires 13.4 and 13.5), trying to visualize their ae- 
tion when they eontraet. Then identify them on a torso model 
or anatomieal ehart. 



Demonstrating Operations of Head Muscles 


1. Raise your eyebrow to wrinkle your forehead. You are 
using th tfrontal belly of the epieranim muscle. 


2. Blink your eyes; wink. You are eontraeting orbicularis 
oculi. 


3. Close your lips and pucker up. This requires eontraetion 
of orbicularis oris. 


4. Smile. You are using zygomaticus. 

5. To demonstrate the temporalis, plaee your hands on your 
temples and eleneh your teeth. The masseter ean also be pal- 
pated now at the angle of the jaw. wm 


Muscles of the Trunk 

The trnnk musculature includes muscles that move the ver- 
tebral column; anterior thorax muscles that aet to move ribs, 
head, and arms; and muscles of the abdominal wall that play 
a role in the movement of the vertebral column but more 
importantly form the “natural girdle,” or the major portion of 
the abdominal body wall. 


AOTIVITY 2 


Identifyìng Muscles of the Trunk 

Read the deseriptions of speeifie trnnk muscles and identify 
them in the figures ( Tables 13.3 and 13.4 and Figures 
13.6-13.9), visualizing their aetion when they eontraet. Then 
identify them on a torso model or anatomieal ehart. 

Demonstrating Operations of Trunk Musdes 

Now, work with a partner to demonstrate the operation of the 
following muscles. One of you ean demonstrate the movement; 
the following steps are addressed to this partner. The other ean 
supply resistanee and palpate the muscle being tested. 

1. Fully abduct the arm and extend the elbow. Now adduct 
the arm against resistanee. You are using the latissimus dorsi. 

2. To observe the deltoid, try to abduct your arm against re- 
sistanee. Now attempt to elevate your shoulder against resis- 
tanee; you are eontraeting the upper portion of the trapezius. 

3. The peetoralis major is used when you press your hands 
together at ehest level with your elbows widely abducted. M 



(Text continues on page 211.) 
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Exercise 13 


Head 

Temporalis 


Faeial 


Epicranius, frontal belly 


Orbicularis oculi 


Masseter 


Shoulder 

Trapezius 


Deltoid 


Arm 


Trieeps braehii 
Bieeps braehii 


Braehialis 


Forearm 

Pronator teres 
Braehioradialis 


Flexor earpi radialis 


Palmaris longus 


Pelvis/thigh 

lliopsoas 


Pectineus 


Thigh 

Rectus femoris 
Vastus lateralis 

Vastus medialis 



Fibularis longus 


Extensor digitorum longus 


Gastrocnemius 


Tibialis anterior 


Soleus 


Figure 13.2 Anterior view of 
superficial musdes of the body. 

The abdominal surface has been 
partially disseeted on the left side of 
the body to show somewhat deeper 
muscles. 


Neek 


Platysma 

Sternohyoid 

Sternoeleidomastoid 


Thorax 


Peetoralis minor 


Peetoralis major 
Serratus anterior 


intereostals 


Abdomen 


Rectus abdominis 


External oblique 
Internal oblique 


Transversus abdominis 


Thigh 


Tensor faseiae 
latae 


Sartorius 


Adductor longus 


Graeilis 
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Neek 


Arm 


Trieeps braehii 


Braehialis 


Forearm 

Braehioradialis 


Extensor earpi radialis 
longus 


Flexor earpi ulnaris 


Extensor earpi ulnaris 


Extensor digitorum 


lliotibial traet 


Leg 


Gastrocnemius 


Soleus 


Fibularis longus 


Oaleaneal 

tendon 


Epicranius, oeeipital belly 


Sternoeleidomastoid 


Rhomboid major 


Latissimus dorsi 



Shoulder 


Deltoid 


lnfraspinatus 
Teres major 


Gluteus medius 


Gluteus maximus 


Adductor magnus 
Hamstrings: 
Bieeps femoris 

Semitendinosus 


Semimembranosus 



Figure 13.3 Posterior view of superficial muscles of the body. 
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Exercise 13 


Table 13.1 

Major Miiseles of Human Head (see Figure 13.4) 


Muscle 

Comments 

Origin 

Insertion 

Aetion 

Faeial Expression (Figure 13.4a) 

Epicranius— 
frontal and 
oeeipital bellies 

Bipartite muscle 
eonsisting of frontal and 
oeeipital parts, which 
eovers dome of skull 

Frontal belly—epieranial 
aponeurosis; oeeipital 
belly—oeeipital and 
temporal bones 

Frontal belly—skin of 
eyebrows and root of 
nose; oeeipital belly— 
epieranial aponeurosis 

With aponeurosis fixed, frontal 
belly raises eyebrows; oeeipital 
belly fixes aponeurosis and 
pulls sealp posteriorly 

Orbicularis oculi 

Tripartite sphineter 
muscle of eyelids 

Frontal and maxillary 
bones and ligaments 
around orbit 

Eneireles orbit and 
inserts in tissue of 
eyelid 

Various parts ean be aetivated 
individually; eloses eyes, 
produces blinking, squinting, 
and draws eyebrows inferiorly 

Corrugator 

supercilii 

Small muscle; aetivity 
assoeiated with that of 
orbicularis oculi 

Areh of frontal bone 
above nasal bone 

Skin of eyebrow 

Draws eyebrows medially 
and inferiorly; wrinkles skin 
of forehead vertieally 

Levator labii 
superioris 

Thin muscle between 
orbicularis oris and 
inferior eye margin 

Zygomatie bone and 
infraorbital margin of 
maxilla 

Skin and muscle of 
upper lip and border 
of nostril 

Raises and furrows upper lip; 

opens lips 

Zygomaticus— 
major and minor 

Extends diagonally from 
eorner of mouth 
to eheekbone 

Zygomatie bone 

Skin and muscle at 
eorner of mouth 

Raises lateral eorners of 
mouth upward (smiling 
muscle) 

Risorius 

Slender muscle; mns 
inferior and lateral to 
zygomaticus 

Faseia of masseter 
muscle 

Skin at angle of 
mouth 

Draws eomer of lip 
laterally; tenses lip; 
zygomaticus synergist 

Depressor labii 
inferioris 

Small muscle from 
lower lip to mandible 

Body of mandible lateral 
to its midline 

Skin and muscle of 
lower lip 

Draws lower lip inferiorly 

Depressor anguli 
oris 

Small muscle lateral to 
depressor labii inferioris 

Body of mandible below 
ineisors 

Skin and muscle at 
angle of mouth below 
insertion of zygomaticus 

Zygomaticus antagonist; 
draws eorners of mouth 
downward and laterally 

Orbicularis oris 

Multilayered muscle 
of lips with fibers that 
mn in many different 
direetions; most mn 
circularly 

Arises indireetly from 
maxilla and mandible; 
fibers blended with 
fibers of other muscles 
assoeiated with lips 

Eneireles mouth; 
inserts into muscle 
and skin at angles of 
mouth 

Closes lips; purses and 
protmdes lips (kissing 
and whistling muscle) 

Mentalis 

One of muscle pair 
forming V-shaped 
muscle mass on ehin 

Mandible below ineisors 

Skin of ehin 

Protmdes lower lip; 

wrinkles ehin 

Buccinator 

Prineipal muscle of 
eheek; mns horizontally, 
deep to the masseter 

Molar region of maxilla 
and mandible 

Orbicularis oris 

Draws eomer of mouth 
laterally; eompresses eheek 

(as in whistling); holds food 
between teeth during chewing 


(Table eontinnes on page 202.) 
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Corrugator supercilìi 


Orbicularis oculi 


Levator labii 
superioris 


Zygomaticus 
minor and major 


Buccinator 


Risorius 


Orbicularis oris 


Mentalis 

Depressor 
labii inferioris 

Depressor angiili oris 


Platysma 


(a) 



Epieranial 

aponeurosis 


Frontal 

belly 


Oeeipital 

belly 


- Epieraniiis 


Temporalis 


Masseter 

Sternoeleidomastoid 

Trapezius 

Splenius 

eapitis 



Frontal belly 
of epicranius 


Orbicularis - 
oculi 

Zygomaticus 


Orbicularis oris 

Platysma- 




Epieranial 

aponeurosis 


Oeeipital belly 
of epicranius 

Temporalis 

Masseter 

Sternoeleidomastoid 


Figure 13.4 Muscles of the head (left lateral view). (a) Superfieial muscles. 
(b) Photo of superfieial structures of head and neek. 
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Exercise 13 


Major Muscles of Human Head (continued) 

Muscle 

Comments 

Origin 

Insertion 

Aetion 

Mastieation (Figure 13.4c, d) 

Masseter 

Covers lateral aspeet of 
mandibular ramus; ean 
be palpated on foreible 
closure of jaws 

Zygomatie areh and 
maxilla 

Angle and ramus of 
mandible 

Prime mover of jaw closure; 
elevates mandible 

Temporalis 

Fan-shaped muscle lying 
over parts of frontal, 
parietal, and temporal 
bones 

Temporal fossa 

Coronoid proeess of 
mandible 

Closes jaw; elevates and 
retraets mandible 

Buccinator 

(See muscles of faeial 
expression.) 




Medial pterygoid 

Runs along intemal 
(medial) surface of 
mandible (thus largely 
eoneealed by 
that bone) 

Sphenoid, palatine, and 
maxillary bones 

Medial surface of 
mandible, near its angle 

Synergist of temporalis and 
masseter; elevates mandible; 
in conjunction with lateral 
pterygoid, aids in grinding 
movements 

Lateral pterygoid 

Superior to medial 
pterygoid 

Greater wing of sphenoid 
bone 

Condylar proeess of 
mandible 

Protraets jaw (moves it 
anteriorly); in conjunction 
with medial pterygoid, aids in 
grinding movements of teeth 


Orbicularis 

oris 


Buccinator 



Temporalis 


Masseter 



Lateral 

pterygoid 

Medial 

pterygoid 


Masseter 
pulled away 



Figure 13.4 (continued) Muscles of the head: mastieation. (e) Lateral 
view of the temporalis, masseter, and buccinator muscles. (d) Lateral view 
of the deep chewing muscles # the medial and lateral pterygoid muscles. 
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Anterolateral Muscles of Human Neek (see Figure 13.5) 

Muscle 

Comments 

Origin 

Insertion 

Aetion 

Superfícial 

Platysma 

(see Figure 13.4a) 

Unpaired muscle: thin, 
sheetlike superficial neek 
muscle, not strietly a head 
muscle but plays role in 
faeial expression 

Faseia of ehest (over 
peetoral muscles) 
and deltoid 

Lower margin of 
mandible, skin, and 
muscle at eorner of 
mouth 

Tenses skin of neek; depresses 
mandible; pulls lower lip 
baek and down (i.e., produces 
downward sag of the mouth) 

Sternoeleidomastoid 

Two-headed muscle 
loeated deep to platysma 
on anterolateral surface 
of neek; fleshy parts on 
either side indieate limits 
of anterior and posterior 
triangles of neek 

Manubrium of 
sternum and medial 
portion of elaviele 

Mastoid proeess of 
temporal bone and 
superior nuchal line of 
oeeipital bone 

Simultaneous eontraetion of both 
muscles of pair causes flexion of 
neek forward, generally against 
resistanee (as when lying on 
the baek); aeting independently, 
rotate head toward shoulder on 
opposite side 

Sealenes—anterior, 
middle, and posterior 
(see Figure 13.5c) 

Loeated more on lateral 
than anterior neek; 
deep to platysma and 
sternoeleidomastoid 

Transverse proeesses 
of eervieal vertebrae 

Anterolaterally on 
ribs 1-2 

Flex and slightly rotate 
neek; elevate ribs 1-2 (aid in 
inspiration) 


(Table eontinnes on page 204.) 



Platysma (cut 
and refleeted) 


Omohyoid 

Sternohyoid 

Sternothyroid 

Sternoeleidomastoid 



Figure 13.5 Muscles of the anterolateral neek 
and throat. (a) Photo of the anterior and lateral 
regions of the neek. 
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Exercise 13 


Table 13.2 

Anterolateral Muscles of Human Neek (continued) 


Muscle 

Comments 

Origin 

Insertion 

Aetion 

Deep (Figure 13.5a, b) 

Digastrie 

Oonsists of two bellies 
united by an intermediate 
tendon; assiimes a V-shaped 
configuration under ehin 

Lower margin of 
mandible (anterior 
belly) and mastoid 
proeess (posterior 
belly) 

By a eonneetive tissue 
loop to hyoid bone 

Aeting in eoneert, elevate hyoid 
bone; open mouth and depress 
mandible 

Stylohyoid 

Slender muscle parallels 
posterior border of digastrie; 
below angle of jaw 

Styloid proeess of 
temporal 

Hyoid bone 

Elevates and retraets hyoid bone 

Mylohyoid 

Just deep to digastrie; forms 
floor of mouth 

Medial surface of 
mandible 

Hyoid bone and 
median raphe 

Elevates hyoid bone and base of 
tongue during swallowing 

Sternohyoid 

Runs most medially along 
neek; straplike 

Manubrium and 
medial end of 
elaviele 

Lower margin of body 
of hyoid bone 

Aeting with sternothyroid and 
omohyoid, depresses larynx and 
hyoid bone if mandible is fixed; 
may also flex skull 

Sternothyroid 

Lateral and deep to 
sternohyoid 

Posterior surface of 
manubrium 

Thyroid eartilage of 
larynx 

(See Sternohyoid above) 

Omohyoid 

Straplike with two bellies; 
lateral to sternohyoid 

Superior surface of 
scapula 

Hyoid bone; inferior 
border 

(See Sternohyoid above) 

Thyrohyoid 

Appears as a superior 
continuation of sternothyroid 
muscle 

Thyroid eartilage 

Hyoid bone 

Depresses hyoid bone; elevates 
larynx if hyoid is fixed 


Mylohyoid 

Stylohyoid 

Hyoid bone 

Omohyoid 


(superior belly) 


Sternohyoid 


Sternoeleido- 

mastoid 


Omohyoid 

(inferior belly) 


(b) 



Anterior 


Posterior 


Median raphe 


Digastrie 


Stylohyoid (cut) 


Thyrohyoid 


Thyroid eartilage 
of the larynx 

Thyroid gland 

Sternothyroid 


Sternoeleido- 

mastoid 


Figure 13.5 (continued) Muscles of the anterolateral 
neek and throat. (b) Anterior view of deep 
neek muscles (suprahyoid and infrahyoid). 

(e) Sternoeleidomastoid and sealenes shown 
in an isolated view. 


Ist eervieal 
vertebra 



Base of 
oeeipital 
bone 

Mastoid 

proeess 

Middle 

sealene 

Anterior 

sealene 

Posterior 

sealene 


(e) 
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Table 13.3 



Anterior Miiseles of Human Thorax, Shoulder, and Abdominal Wall 


(see Figures 13.6,13.7, and 13.8) 


Muscle 


Comments 


Origin 


Insertion 


Aetion 


Thorax and Shoulder, Superfícial (Figure 13.6) 


Peetoralis major 


Serratus anterior 


Large fan-shaped 
muscle eovering upper 
portion of ehest 


Clavicle, sternum, 
eartilage of ribs 1-6 (or 
7), and aponeurosis of 
extemal oblique muscle 


Fibers eonverge to 
insert by short tendon 
into intertubercular 
sulcus of humerus 


Prime mover of arm flexion; adducts, 
medially rotates arm; with arm fixed, 
pulls ehest upward (thus also aets in 
foreed inspiration) 


Fan-shaped muscle Lateral aspeet of ribs Vertebral border of Prime mover to protraet and hold 

deep to scapula; 1-8 (or 9) anterior surface of scapula against ehest wall; rotates 

beneath and inferior scapula scapula, causing inferior angle to 

to peetoral muscles on move laterally and upward; essential 

lateral rib eage to raising arm; fixes scapula for arm 

abduction 


Deltoid 
(see also 
Figure 13.9) 


Fleshy triangular Lateral V 3 of elaviele; 

muscle forming aeromion and spine of 

shoulder muscle mass; S capula 
intramuscular injeetion 
site 


Deltoid tuberosity of Aeting as a whole, prime mover of arm 

humerus abduction; when only speeifie fibers 

are aetive, ean aid in flexion, extension, 
and rotation of humerus 


(Table eontinnes on page 206.) 


Sternoeleidomastoid 


Deltoid 


Peetoralis major 


Sternum 


Bieeps 

braehii 



Subclavius 

eiaviele 


Subscapularis 


Peetoralis minor 


Coracobrachialis 


Serratus anterior 


Humerus 


Figure 13.6 Muscles of the thorax and shoulder aeting on the scapula and 
arm (anterior view). The superfieial muscles # which effeet arm movements, are 
shown on the left side of the figure. These muscles have been removed on the 
right side of the figure to show the muscles that stabilize or move the peetoral 
girdle. 
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Exercise 13 


Table 13.3 



Anterior Muscles of Human Thorax, Shoulder, and Abdominal Wall (continued) 


Muscle 


Comments 


Origin 


Insertion 


Aetion 


Thorax and Shoulder, Superfícial (eontiniied) 


Peetoralis minor Flat, thin muscle Anterior surface of ribs 

direetly beneath and 3-5, near their eostal 

obscured by peetoralis eartilages 

major 

Thorax, Deep: Muscles of Respiration (Figure 13.7) 

External 11 pairs lie between Inferior border of rib 

intereostals ribs; fibers mn above (not shown in 

obliquely downward figure) 

and forward toward 
sternum 


Coracoid proeess of With ribs fixed, draws scapula forward 
scapula and inferiorly; with scapula fixed, 

draws rib eage superiorly 


Superior border of rib Pull ribs toward one another to elevate 
below rib eage; aid in inspiration 


Internal 

intereostals 


Diaphragm 


11 pairs lie between 
ribs; fibers mn deep 
and at right angles 
to those of external 
intereostals 

Broad muscle; forms 
floor of thoraeie 
eavity; dome-shaped 
in relaxed state; 
fibers eonverge from 
margins of thoraeie 
eage toward a eentral 
tendon 


Superior border of rib 
below 


Inferior border of rib 
and stermim, eostal 
eartilages of last six ribs 
and lumbar vertebrae 


Inferior border of rib 
above (not shown in 
figure) 


Central tendon 


Draw ribs together to depress rib eage; 

aid in foreed expiration; antagonistie to 
external intereostals 


Prime mover of inspiration flattens 
on eontraetion, inereasing vertieal 
dimensions of thorax; inereases intra- 
abdominal pressure 


Abdominal Wall (Figure 13.8a and b) 

Rectus abdominis Medial superficial Pubic erest and Xiphoid proeess and Flexes and rotates vertebral column; 

muscle, extends symphysis eostal eartilages of inereases abdominal pressure; fixes and 

from pubis to rib ribs 5-7 depresses ribs; stabilizes pelvis during 

eage; ensheathed by walking; used in sit-ups and curls 

aponeuroses of oblique 
muscles; segmented 


External oblique Most superficial 

lateral muscle; fibers 
mn downward and 
medially; ensheathed 
by an aponeurosis 


Anterior surface of last Linea alba,* pubic 
eight ribs erest and tubercles, 

and iliae erest 


See rectus abdominis, above; 
eompresses abdominal wall; also aids 
imiseles of baek in tmnk rotation and 
lateral flexion; used in oblique curls 


Internal oblique 

Most fibers mn at 
right angles to those 
of external oblique, 
which it underlies 

Lumbar faseia, iliae 
erest, and inguinal 
ligament 

Linea alba, pubic 
erest, and eostal 
eartilages of last three 
ribs 

As for external oblique 

Transversus 

abdominis 

Deepest muscle of 
abdominal wall; fibers 
mn horizontally 

Inguinal ligament, iliae 
erest, eartilages of last 
five or six ribs, and 
lumbar faseia 

Linea alba and pubic 
erest 

Compresses abdominal eontents 


*The linea alba (white line) is a narrow, tendinous sheath that runs along the middle of the abdomen from the sternum to the pubic symphysis. It is formed 
by the fusion of the aponeurosis of the external oblique and transversus muscles. 
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Figure 13.7 Deep rrmseles of the thorax: 
muscles of respiration. (a) The external 
intereostals (inspiratory muscles) are shown 
on the left and the ínternal intereostals 
(expiratory muscles) are shown on the right. 
These two muscle layers run obliquely and at 
right angles to eaeh other. (b) Inferior view of 
the diaphragm, the prime mover of inspiration. 
Notiee that its muscle fibers eonverge toward 
a eentral tendon, an arrangement that causes 
the diaphragm to flatten and move ìnferiorly 
as it eontraets. The diaphragm and its tendon 
are piereed by the great vessels (aorta and 
inferior vena eava) and the esophagus. 



External 

intereostal 


Internal — 
intereostal 




Foramen for inferior 
vena eava 


Oentral 
tendon of 
diaphragm 


Foramen 
for aorta 


12th rib 


(b) 



Xiphoid proeess 
of sternum 


Foramen for 
esophagus 


Costal 


eartilage 


Diaphragm 


Lumbar 

vertebra 


Serratus anterior 


Transversus 

abdominis 


Internal oblique 


External oblique 


Aponeurosis 
of the external 
oblique 


(a) 



Peetoralis major 


Linea alba 


Tendinous 

interseetion 

Rectus abdominis 


lnguinal ligament 
(formed by free 
inferior border of 
the external oblique 
aponeurosis) 


Figure 13.8 Anterior view of the 
muscles forming the anterolateral 
abdominal wall. (a) The superfieial 
muscles have been partially cut 
away on the left side of the 
diagram to reveal the deeper 
internal oblique and transversus 
abdominis muscles. 
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Exercise 13 


Table 13.4 

Posterior Muscles of Human Trunk (see Figure 13.9) 



Muscle 

eomments 

Origin 

Insertion 

Aetion 

Miisdes of the Neek, Shoulder, and Thorax (Figure 13.9a) 

Trapezius 

Most superficial muscle of 

Oeeipital bone; 

Aeromion and 

Extends head; raises, 


posterior thorax; very broad 

ligamentum nuchae; 

spinous proeess of 

rotates, and retraets 


origin and insertion 

spines of C 7 and all 

scapula; lateral third 

(adducts) scapula and 



thoraeie vertebrae 

of elaviele 

stabilizes it; superior 
fibers elevate scapula 
(as in shmgging the 
shoulders); inferior fibers 
depress it 

Latissirmis dorsi 

Broad flat muscle of lower 

Indireet attaehment 

Floor of 

Prime mover of arm 


baek (lumbar region); extensive 

to spinous proeesses 

intertubercular sulcus 

extension; adducts and 


superficial origins 

of lower six thoraeie 

of humerus 

medially rotates arm; 



vertebrae, lumbar 


brings arm down in power 



vertebrae, last three to 


stroke, as in striking a 



four ribs, and iliae erest 


blow 

Infraspinatus 

Partially eovered by deltoid and 

Infraspinous fossa of 

Greater tubercle of 

Lateral rotation of 


trapezius; a rotator cuff muscle 

scapula 

humerus 

humerus; helps hold head 
of humerus in glenoid 
eavity; stabilizes shoulder 

Teres minor 

Small muscle inferior to 

Lateral margin of 

Greater tubercle of 

As for infraspinatus 


infraspinatus; a rotator cuff 
muscle 

scapula 

humerus 


Teres major 

Loeated inferiorly to teres minor 

Posterior surface at 

Intertubercular sulcus 

Extends, medially rotates, 



inferior angle of scapula 

of humerus 

and adducts humems ; 

synergist of latissimus dorsi 


Serratus anterior 


Reetiis — 
abdominis 


External- 

oblique 

Internal- 

oblique 

Transversus 

abdominis 


lnguinal ligament 




Figure 13.8 (continued) Anterior view 
of the muscles forming the anterolateral 
abdominal wall. (b) Photo of the 
anterolateral abdominal wall. 
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Table 13.4 

(continued) 




Muscle 

Comments 

Origin 

Insertion 

Aetion 

Supraspinatus 

Obscured by trapezms; a rotator 
cuff nrnsele 

Supraspinous fossa of 
scapula 

Greater tubercle of 
humerus 

Initiates abduction of 
humerus; stabilizes 
shoulder joint 

Levator scapulae 

Loeated at baek and side of neek, 
deep to trapezius 

Transverse proeesses of 

Ci-C 4 

Medial border of 
scapula superior to 
spine 

Elevates and adducts 

scapula; with fixed 
scapula, laterally flexes 
neek to the same side 

Rhomboids—major Beneath trapezius and inferior to 

Spinous proeesses of C 7 

Medial border of 

Pull scapula medially 

and minor 

levator scapulae; rhomboid minor 

and Tì-T 5 

scapula 

(retraetion); stabilize 


is the more superior muscle scapula; rotate glenoid 

eavity downward 


Muscles Assoeiated with the Vertebral Column (Figure 13.9b) 


Semispinalis 


Deep eomposite muscle of the 
baek—thoraeis, eervieis, and 
eapitis portions 


Transverse proeesses of 

c 7 -t 12 


Oeeipital bone and 
spinous proeesses of 
eervieal vertebrae and 
Ti-T/i 


Aeting together, extend 
head and vertebral 
column; aeting 
independently (right 
vs. left) causes rotation 
toward the opposite side 


(Table eontinnes on page 210.) 



Trapezius 


Deltoid 


Teres 

major 


Latissimus 
dorsi 


(a) 



Infraspinatiis 


Levator 

scapulae 

Rhomboid 

minor 

Supraspinatus 

eiaviele 


Spine of scapula 

Rhomboid 

major 

Teres minor 


Humerus 


Figure 13.9 Muscles of the neek, shoulder, and thorax (posterior view). (a) The superfieial 
muscles of the baek are shown for the left side of the body, with a eorresponding photograph. 

The superfieial nrmseles are removed on the right side of the illustration to reveal the deeper 
muscles aeting on the scapula and the rotator cuff muscles that help to stabilize the shoulder joint. 
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Exercise 13 


Table 13.4 

Posterior Muscles of Human Trunk (continued) 



Muscle 

Comments 

Origin 

Insertion 

Aetion 

Miisdes Assodated with the Vertebral Column (eontiniied) 

Ereetor spinae 

A long tripartite muscle 
eomposed of ilioeostalis (lateral), 
longissimus, and spinalis 
(medial) muscle columns; 
superficial to semispinalis 
muscles; extends from pelvis 
to head 

Iliae erest, transverse 
proeesses of lumbar, 
thoraeie, and eervieal 
vertebrae, and/or ribs 
3-6 depending on 
speeifie part 

Ribs and transverse 
proeesses of vertebrae 
about six segments 
above origin; 
longissimus also 
inserts into mastoid 
proeess 

Extend and bend the 
vertebral column laterally; 
fibers of the longissimus 
also extend head 


Mastoid proeess 
of temporal bone 


Longissimiis eapitis 


llioeostalis eervieis 


Longissimus eervieis 


llioeostalis thoraeis 


Longissiirms thoraeis 


Spinalis thoraeis 


Ereetor 

spinae 


llioeostalis lumborum 


External oblique 


(b) 



llioeostalis 


Longissimus 


Spinalis 


Ligamentum 

nuchae 


Semispinalis 

eapitis 


Semispinalis 

eervieis 


Semispinalis 

thoraeis 


Multifidus 


Quadratus lumborum 


Figure 13.9 (continued) Muscles 
of the neek, shoulder, and thorax 
(posterior view). (b) The ereetor 
spinae and semispinalis muscles, 
which respeetively form the 
intermediate and deep muscle 
layers of the baek assoeiated 
with the vertebral column. 
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Table 13.4 

(continued) 




Muscle 

Comments 

Origin 

Insertion 

Aetion 

Splenius (see 
Figure 13.9c) 

Superficial muscle (eapitis and 
eervieis parts) extending from 
upper thoraeie region to skull 

Ligamentum nuchae and 
spinous proeesses of 

c 7 -T 6 

Mastoid proeess, 
oeeipital bone, and 
transverse proeesses 
of C 2 -C 4 

As a group, extend or 
hyperextend head; when 
only one side is aetive, 
head is rotated and bent 


toward the same side 


Quadratus lumborum 


Forms greater portion of posterior Iliae erest and lumbar 
abdominal wall faseia 


Inferior border of 
rib 12; transverse 
proeesses of lumbar 
vertebrae 


Eaeh flexes vertebral 
column laterally; together 
extend the lumbar spine 
and fix rib 12; maintains 
upright posture 


Splenius — 
eapitis 

Spinous — 
proeesses 
of the 
vertebrae 

Splenius — 
eervieis 




Figure 13.9 (continued) Muscles of the neek, shoulder, 
and thorax (posterior view). (e) Deep (splenius) muscles 
of the posterior neek. Superfieial muscles have been 
removed. 


Musdes of the llpper Limb 

The muscles that aet on the upper limb fall into three groups: 
those that move the arm, those causing movement at the 
elbow, and those moving the wrist and hand. 

The muscles that eross the shoulder joint to insert on the 
humerus and move the arm (subscapularis, supraspinatus and 
infraspinatus, deltoid, and so on) are primarily trnnk muscles 
that originate on the axial skeleton or shoulder girdle. These 
muscles are included with the trunk muscles. 

The seeond group of muscles, which eross the elbow 
joint and move the forearm, eonsists of muscles forming the 


musculature of the humerus. These muscles arise mainly 
from the humerus and insert in forearm bones. They are 
responsible for flexion, extension, pronation, and supination. 

The third group forms the musculature of the forearm. 
For the most part, these muscles insert on the digits and pro- 
duce movements at the wrist and fingers. 


AOTIVITY 3 


Identifying Muscles of the Upper Limb 

Study the origins, insertions, and aetions of muscles that 
move the forearm and identify them in the figure ( lable 13.5 

and Figure 13.10). 

Do the same for muscles aeting on the wrist and hand 
( Jable 13.6 and Figure 13.11). They are more easily identi- 
fied if their insertion tendons are loeated first. 

Then see if you ean identify the upper limb muscles on a 
torso model, anatomieal ehart, or eadaver. Complete this por- 
tion of the exercise with palpation demonstrations as outlined 
next. 



Demonstrating Operations of Upper 
Limb Muscles 


1. To observe the bieeps braehii, attempt to flex your fore- 
arm (hand supinated) against resistanee. The insertion tendon 
of this bieeps muscle ean also be felt in the lateral aspeet 
of the antecubital fossa (where it runs toward the radius to 
attaeh). 


flex your elbow and then try to extend it 
against resistanee, you ean demonstrate the aetion of your 
trieeps braehii. 


2. If you acutely 


3. Strongly flex your wrist and make a fist. Palpate your eon- 
traeting wrist flexor muscles (which originate from the me- 
dial epieondyle of the humerus) and their insertion tendons, 
which ean be easily felt at the anterior aspeet of the wrist. 

4. Flare your fingers to identify the tendons of the extensor 
digitomm muscle on the dorsum of your hand. H 


(Text eontinnes on page 216.) 
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Exercise 13 


Table 13.5 

Muscles of Human Humerus That Aet on the Forearm (see Figure 13.10) 

Muscle 

Comments 

Origin 

Insertion 

Aetion 

Trieeps braehii 

Sole, large fieshy muscle of 
posterior humerus; three- 
headed origin 

Long head—inferior margin of 
glenoid eavity; lateral head— 
posterior humerus; medial 
head—distal radial groove on 
posterior humerus 

Oleeranon of ulna 

Powerful forearm extensor; 

antagonist of forearm flexors 
(braehialis and bieeps 
braehii) 

Anconeus 

Short triangular muscle 
blended with trieeps 

Lateral epieondyle of humerus 

Lateral aspeet of 
oleeranon of ulna 

Abducts ulna during forearm 
pronation; extends elbow 

Bieeps braehii 

Most familiar muscle of 
anterior humerus because this 
two-headed muscle bulges 
when forearm is flexed 

Short head: eoraeoid proeess; 
long head: supraglenoid tubercle 
and lip of glenoid eavity; 
tendon of long head mns in 
intertubercular sulcus and within 
capsule of shoulder joint 

Radial tuberosity 

Flexion (powerful) of elbow 
and supination of forearm; 

“it turns the corkscrew and 
pulls the eork”; weak arm 
flexor 

Braehioradialis 

Superficial muscle of lateral 
forearm; forms lateral 
boundary of antecubital fossa 

Lateral ridge at distal end of 
humerus 

Base of radial 
styloid proeess 

Synergist in forearm flexion 

Braehialis 

Immediately deep to bieeps 
braehii 

Distal portion of anterior 
humerus 

Ooronoid proeess 
of ulna 

A major flexor of forearm 


eiaviele 


Deltoid 


Sternimn 


Peetoralis 

major 


Coracobrachialis 


Braehialis 


Braehio- 

radialis 



Trieeps braehii 


Lateral head 


Long head 


Medial head 


Bieeps braehii 


(a) 


Supraspinatus 



Spine of scapula 
Deltoid (cut) 

Greater tubercle 
of humerus 

lnfraspinatus 
Teres minor 

Teres major 


Trieeps braehii: 

• Lateral head 

• Long head 


Latissimus dorsi 


Humerus 

Oleeranon 
of ulna 


Anconeus 


Figure 13.10 Muscles causing movements of the arm and forearm. (a) Superfieial 
miiseles of the anterior thorax # shoiilder, and arm # anterior view. (b) Posterior aspeet of 
the arm showing the lateral and long heads of the trieeps braehii muscle. 
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Table 13.6 

Muscles of Human Forearm That Aet on Hand and Fingers (see Figure 13.11) 

Muscle 

Comments 

Origin 

Insertion 

Aetion 

Anterior Compartment, Superfícial (Figure 13.11a, b, e) 

Pronator teres 

Seen in a superficial view between 
proximal margins of braehioradialis 
and flexor earpi radialis 

Medial epieondyle 
of humerus and 
eoronoid proeess of 
ulna 

Midshaft of radius 

Aets synergistieally with 
pronator quadratus to 

pronate forearm; weak 
elbow flexor 

Flexor earpi radialis Superficial; mns diagonally aeross 

forearm 

Medial epieondyle of 
humerus 

Base of metaearpals II 

and III 

Powerful flexor of wrist; 
abducts hand 

Palmaris longus 

Small fleshy muscle with a long 
tendon; medial to flexor earpi radialis 

Medial epieondyle of 
humerus 

Palmar aponeurosis; 
skin and faseia of 
palm 

Flexes wrist (weak); 
tenses skin and faseia 
of palm 


(Table eontinnes on page 214.) 


Bieeps braehii 


Tendon of bieeps 
braehii 


Pronator teres 

Braehio- 
radialis 


Extensor earpi 
radialis longus 


Flexor pollìeis 
longus 


Pronator 
quadratus 

Flexor 
retinaculum 







Medial head of 
trieeps braehii 


Medial epieondyle 
of humerus 


Extensor earpi 
radialis longus 


Flexor earpi radialis 
Palmaris longus 

Flexor earpi ulnaris 


Flexor digitomm 
siiperfieialis 


Tendon of 
braehioradialis (cut) 


Tendon of flexor earpi 
radialis (cut) 

Palmar 
aponeurosis 


Superficial 
transverse 
ligament of palm 


(a) 



Tendon of bieeps 
braehii (cut) 


Supinator 


Flexor digitomm 
profundus 


Flexor digitomm 
superficialis 


Flexor pollieis longus 


Pronator quadratus 


Tendon of flexor earpi ulnaris (cut) 


Tendon of flexor 
pollieis longus 

Lumbricals 

Tendon of flexor 
digitorum superficialis 


(b) 


Tendon of flexor 
digitorum profundus 



Thenar muscles of thumb 


Figure 13.11 Muscles of the forearm and wrist. (a) Superfieial anterior view 
of right forearm and hand. (b) The braehioradialis, flexors earpi radialis and 
ulnaris # and palmaris longus muscles have been removed to reveal the position 
of the somewhat deeper flexor digitomm superfieialis. (e) Deep muscles of 
the anterior eompartment. Superfieial muscles have been removed. (Note: The 
thenar muscles of the thumb and the lumbricals that help move the fingers are 
illustrated here but are not deseribed in Table 13.6.) 
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Exercise 13 


Table 13.6 



Muscles of Human Forearm That Aet on Hand and Fingers (continued) 


Muscle 


Comments 


Origin 


Insertion 


Aetion 


Anterior Compartment, Superfícial (eontiniied) 


Flexor earpi ulnaris 


Superficial; medial to palmaris 
longus 


Medial epieondyle 
of humerus and 
oleeranon and 
posterior surface 
of ulna 


Base of metaearpal; 


Powerful flexor of wrist; 


pisiform and hamate adducts hand 
bones 


Flexor digitomm 
superficialis 


Deeper muscle (deep to muscles 


Medial epieondyle of Middle phalanges of Flexes wrist and middle 


named above); visible at distal end of humerus, eoronoid 


fingers 2-5 


phalanges of fingers 2-5 


forearm 


proeess of ulna, and 
shaft of radhis 


Anterior Compartment, Deep (Figure 13.11a, b, e) 


Flexor pollieis longus 

Deep muscle of anterior forearm; 
distal to and paralleling lower margin 
of flexor digitomm superficialis 

Anterior surface 
of radius, and 
interosseous 
membrane 

Distal phalanx of 
thumb 

Flexes thumb (pollex is 
Latin for “thumb”) 

Flexor digitomm 
profundus 

Deep muscle; overlain entirely by 
flexor digitomm superficialis 

Anteromedial surface 
of ulna, interosseous 
membrane, and 
eoronoid proeess 

Distal phalanges of 
fingers 2-5 

Sole muscle that flexes 
distal phalanges; assists 
in wrist flexion 

Pronator quadratus 

Deepest muscle of distal forearm 

Distal portion of 
anterior ulnar surface 

Anterior surface of 
radhis, distal end 

Pronates forearm 

Posterior Compartment, Superficial (Figure 13.1 ld, e, f) 

Extensor earpi radialis 
longus 

Superficial; parallels braehioradialis 
on lateral forearm 

Lateral supracondylar 
ridge of humerus 

Base of metaearpal II 

Extends and abducts 
wrist 

Extensor earpi radialis 
brevis 

Deep to extensor earpi radialis longus 

Lateral epieondyle of 
humerus 

Base of metaearpal III 

Extends and abducts 
wrist; steadies wrist 
during finger flexion 

Extensor digitomm 

Superficial; medial to extensor earpi 
radialis brevis 

Lateral epieondyle of 
humerus 

By four tendons into 
distal phalanges of 
fingers 2-5 

Prime mover of finger 
extension; extends 
wrist; ean flare (abduct) 
fingers 

Extensor earpi ulnaris 

Superficial; medial posterior forearm 

Lateral epieondyle of 
humerus; posterior 

Base of metaearpal V 

Extends and adducts 
wrist 


border of ulna 


Posterior Compartment, Deep (Figure 13.1 ld, e, f) 


Extensor pollieis 
longus and brevis 

Muscle pair with a eommon origin 
and aetion; deep to extensor earpi 
ulnaris 

Dorsal shaft of 
ulna and radius, 
interosseous 
membrane 

Base of distal phalanx 
of thumb (longus) and 
proximal phalanx of 
thumb (brevis) 

Extend thumb 

Abductor pollieis 
longus 

Deep muscle; lateral and parallel to 
extensor pollieis longus 

Posterior surface 
of radius and 
ulna; interosseous 
membrane 

Metaearpal I and 
trapezium 

Abducts and extends 
thumb 

Supinator 

Deep muscle at posterior aspeet of 
elbow 

Lateral epieondyle of 
humerus; proximal 
ulna 

Proximal end of 
radius 

Aets with bieeps braehii 
to supinate forearm; 
antagonist of pronator 


muscles 
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Braehioradialis 


Insertion of 
trieeps braehii 

Anconeus 


Flexor earpi ulnaris - 


Extensor earpi 
iilnaris 


Extensor digit minimi 


Extensor indieis 


Tendons of extensor 
earpi radialis brevis 
and longus 



Extensor earpi 
radialis longus 


Extensor earpi 
radialis brevis 


Extensor digitomm 


Abductor 
pollieis longus 


Extensor pollieis 
brevis 

Extensor pollieis 
longus 


Tendons of 

extensor 

digitomm 


Extensor expansion 


Interossei 


Oleeranon 
of ulna 

Anconeus 


Supinator 


Abductor pollieis 
longus 

Extensor pollieis 


(d) 



longus 

Extensor pollieis 
brevis 

Extensor indieis 


(e) 


Abductor 


Extensor 


Braehioradialis 


Extensor 
earpi radialis 
longus 

Extensor earpi 
radialis brevis 



(f) 


Extensor 
digitomm 


Extensor 
earpi ulnaris 


Extensor 
digiti minimi 


Tendon of 

extensor 

digitomm 


Figure 13.11 (eontimied) Muscles of the forearm and vvrist. (d) Superfieial 
maseles, posterior view. (e) Deep posterior muscles; superfieial rrmseles have 
been removed. The interossei # the deepest layer of instrinsie hand muscles f 
are also illustrated. (f) Photo of posterior nrmseles of the right forearm. 
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Exercise 13 


Musdes of the Lovver Limb 

Muscles that aet on the lower limb cause movement at the hip, 
knee, and foot joints. Sinee the human pelvie girdle is eom- 
posed of heavy, fused bones that allow very little movement, 
no speeial group of muscles is neeessary to stabilize it. This 
is unlike the shoulder girdle, where several muscles (mainly 
trnnk muscles) are needed to stabilize the scapulae. 

Muscles aeting on the thigh (femur) cause various move- 
ments at the multiaxial hip joint (flexion, extension, rotation, 
abduction, and adduction). These include the iliopsoas, the 
adductor group, and others. 

Muscles aeting on the leg form the major musculature of 
the thigh. (Anatomieally the term leg refers only to that por- 
tion between the knee and the ankle.) The thigh muscles eross 
the knee to allow its flexion and extension. They include the 
hamstrings and the quadriceps. 

The muscles originating on the leg aet on the foot and 

toes. 


A C T I V I T Y 4 


Identífying Muscles of the Lovver Limb 

Read the deseriptions of speeifie muscles aeting on the thigh 
and leg and identify them in the figures ( ables 13.; and 
13.8 and Figiires 13.12 and 13.13), trying to visualize their 
aetion when they eontraet. Sinee some of the muscles aeting 
on the leg also have attaehments on the pelvie girdle, they ean 
cause movement at the hip joint. 

Do the same for muscles aeting on the foot and toes 
( fable 13.9 and Figures 13.14 and 13.15). 

Then identify all the muscles on a model or anatomieal 
ehart. 

(Text eontinnes on page 222.) 


Table 13.7 



Muscles Aeting on Human Thigh and Leg, Anterior and Medial Aspeets 
(see Figure 13.12) 


Muscle 


eomments 


Origin 


Insertion 


Aetion 


Origin on the Pelvis 


Iliopsoas—iliacus 
and psoas major 


Two elosely related 


Iliacus—iliae fossa and On and just below 


muscles; fibers pass under erest, lateral saemm; 


lesser troehanter of 


inguinal ligament to insert psoas major—transverse femur 


Flex trunk on thigh; flex thigh; 
lateral flexion of vertebral 
eokimn (psoas) 


into femur via a eommon 
tendon; iliacus is more 
lateral 


proeesses, bodies, and 
dises of T 12 and lumbar 
vertebrae 


Sartorius 


Straplike superficial muscle Anterior superior iliae 


By an aponeurosis 


Flexes, abducts, and laterally 


mnning obliquely aeross 
anterior surface of thigh 
to knee 


spme 


into medial aspeet of rotates thigh; flexes knee; known 


proximal tibia 


as “tailor’s muscle” because 
it helps effeet eross-legged 
position in which tailors are often 
depieted 


Medial Compartment 


Adductors—magnus, Large muscle mass forming Magnus—isehial and 


Magnus—linea 


Adduct and medially rotate 


longus, and brevis 


medial aspeet of thigh; 
arise from front of pelvis 


pubic rami and isehial 
tuberosity; longus— 


aspera and adductor and flex thigh; posterior part of 


and insert at various levels pubis near pubic 


on femur 


symphysis; brevis— 
body and inferior pubic 
ramus 


tubercle of femur; 
longus and brevis- 
linea aspera 


magmis is also a synergist in 
thigh extension 


Pectineus 

Overlies adductor brevis on 
proximal thigh 

Peetineal line of pubis 
(and superior pubic 
ramus) 

Inferior from lesser 
troehanter to linea 
aspera of femur 

Adducts, flexes, and medially 
rotates thigh 

Graeilis 

Straplike superficial muscle 
of medial thigh 

Inferior ramus and body 
of pubis 

Medial surface of 
tibia just inferior to 
medial eondyle 

Adducts thigh; flexes and 
medially rotates leg, espeeially 
during walking 


(Table continues on page 218.) 
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12th rib 


Quadratus lumborum 


Psoas minor 


lliae erest 


lliopsoas 


Psoas major 


lliacus 


Anterior superior iliae spine 


Tensor faseiae latae 


Pectineus 


Sartorius 


Quadriceps femoris 
• Rectus femoris 


Vastus lateralis 


Vastus medialis 


Tendon of quadriceps femoris 



12th thoraeie 
vertebra 


Pectineus 

(cut) 


Adductor 

brevis 


Adductor 

longus 


5th lumbar 
vertebra 


Femur 


(b) 


Adductor longus 


Graeilis 


Adductor magnus 


Vastus - 
lateralis 


i 



n 


f 

ì 



Vastus 
intermedius 


Patella 


Vastus 
medialis 


(a) 




Patellar 

ligament 


Adductor 

magnus 


origin 

insertion 



/ 


(e) 







Rectus femoris 
tendon (cut) 

Patella 





Patellar 

ligament 


Figure 13.12 Anterior and medial musdes promoting movements of the thigh 
and leg. (a) Anterior view of the deep muscles of the pelvis and superfieial 
muscles of the right thigh. (b) Adductor nrmseles of the medial eompartment of 
the thigh. (e) The vastus muscles (isolated) of the quadriceps group. 
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Exercise 13 


Muscles Aeting on Human Thigh and Leg, Anterior and Medial Aspeets (continued) 

Muscle 

eomments 

Origin 

Insertion 

i 

Aetion 

Anterior Compartment 

Quadriceps femoris* 

Rectus femoris 

Superficial muscle of thigh; 
runs straight down thigh; 
only muscle of group to 
eross hip joint 

Anterior inferior iliae 
spine and superior 
margin of acetabulum 

Tibial tuberosity and 
patella 

Extends knee and flexes thigh 
at hip 

Vastus lateralis 

Forms lateral aspeet of 
thigh; intramuscular 
injeetion site 

Greater troehanter, 
intertroehanterie line, 
and linea aspera 

Tibial tuberosity and 
patella 

Extends and stabilizes knee 

Vastus medialis 

Forms inferomedial aspeet 
of thigh 

Linea aspera and 
intertroehanterie line 

Tibial tuberosity and 
patella 

Extends knee; stabilizes patella 

Vastus 

intermedius 

Obscured by rectus 
femoris; lies between 
vastus lateralis and vastus 
medialis on anterior thigh 

Anterior and lateral 
surface of femur 

Tibial tuberosity and 
patella 

Extends knee 

Tensor faseiae latae 

Enelosed between faseia 
layers of thigh 

Anterior aspeet of 
iliae erest and anterior 
superior iliae spine 

Iliotibial traet (lateral 
portion of faseia lata) 

Flexes, abducts, and medially 
rotates thigh; steadies tmnk 


*The quadriceps form the flesh of the anterior thigh and have a eommon insertion in the tibial tuberosity via the patellar tendon. They are powerful leg 
extensors, enabling humans to kiek a football, for example. 


Muscles Aeting on Human Thigh and Leg, Posterior Aspeet (see Figure 13.13) 

Muscle 

Comments 

Origin 

Insertion 

Aetion 

Origin on the Pelvis 

Gluteus maximus 

Largest and most 
superficial of gluteal 
muscles (which 
form buttock mass); 
intramuscular injeetion 
site 

Dorsal ilium, saemrn, 
and coccyx 

Gluteal tuberosity of 
femur and iliotibial 
traet* 

Complex, powerful thigh extensor 

(most effeetive when thigh is flexed, 
as in elimbing stairs—but not as in 
walking); antagonist of iliopsoas; 
laterally rotates and abducts thigh 

Gluteus medius 

Partially eovered by 
gluteus maximus; 
intramuscular injeetion 
site 

Upper lateral surface 
of ilium 

Greater troehanter of 
femur 

Abducts and medially rotates thigh; 
steadies pelvis during walking 

Gluteus minimus 
(not shown in figure) 

Smallest and deepest 
gluteal muscle 

External inferior 
surface of ilium 

Greater troehanter of 
femur 

Abducts and medially rotates thigh; 
steadies pelvis 

Posterior Compartment 

Hamstrings^ 

Bieeps femoris 

Most lateral muscle of 
group; arises from two 
heads 

isehial tuberosity 
(long head); linea 
aspera and distal 
femur (short head) 

Tendon passes laterally 
to insert into head 
of fibula and lateral 
eondyle of tibia 

Extends thigh; laterally rotates leg; 
flexes knee 


(Table eontinnes on page 219.) 
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Table 13.8 

(continued) 




Muscle 

Comments 

Origin 

Insertion 

Aetion 

Semitendinosus 

Medial to bieeps femoris 

Isehial tuberosity 

Medial aspeet of upper 
tibial shaft 

Extends thigh; flexes knee; medially 
rotates leg 


Semimembranosus Deep to semitendinosus 


Isehial tuberosity 


Medial eondyle of tibia; Extends thigh; flexes knee; medially 
lateral eondyle of femur rotates leg 


* The iliotibial traet, a thiekened lateral portion of the faseia lata, ensheathes all the muscles of the thigh. It extends as a tendinous band from the iliae erest 
to the knee. 

'The hamstrings are the fleshy muscles of the posterior thigh. The name eomes from the butchers’ praetiee of using the tendons of these muscles to hang 
hams for smoking. As a group, they are strong extensors of the hip; they counteract the powerful quadriceps by stabilizing the knee joint when standing. 



Gluteus medius 


Gluteus 

maximus 


Adductor 

magnus 


Graeilis 


lliotibial 

traet 


Long head 


Short head 


Bieeps 

femoris 


Semitendinosus 


Semimembranosus 


(a) 


Gluteus 

maximus 


Adductor 

magnus 

Semitendinosus 


Semimembranosus 

Graeilis 

Bieeps femoris 

(long head) 

lliotibial traet 


Sartorius 


Gastrocnemius 




Figure 13.13 Muscles of the posterior aspeet of the right hip and thigh. 

(a) Siiperfieial view showing the gluteus muscles of the buttock and hamstring muscles 
of the thigh. (b) Photo of muscles of the posterior thigh. 
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Exercise 13 


Table 13.9 



Muscles Aeting on Human Foot and Ankle (see Figures 13.14 and 13.15) 


Muscle 


Comments 


Origin 


Insertion 


Aetion 


Lateral Compartment (Figure 13.14a, b and Figure 13.15b) 


Fibularis 

(peroneus) 

longus 


Superficial lateral 
muscle; overlies 
fibula 


Head and upper portion By long tendon under foot to 


Plantar flexes and everts foot; 


of fibula 


metatarsal I and medial cuneiform helps keep foot flat on ground 


Fibularis 

(peroneus) 

brevis 


Smaller muscle; deep Distal portion of fibula 


By tendon mnning behind lateral Plantar flexes and everts foot, 


to fibularis longus 


shaft 


malleolus to insert on proximal 
end of metatarsal V 


as part of fibularis group 


Anterior Compartment (Figure 13.14a, b) 


Tibialis anterior Superficial muscle of Lateral eondyle and 

anterior leg; parallels upper % of tibia; 
sharp anterior margin interosseous membrane 
of tibia 


By tendon into inferior surface of Prime mover of dorsiflexion; 


first cuneiform and metatarsal I 


inverts foot; supports 
longitudinal areh of foot 


Extensor Anterolateral surface Lateral eondyle of tibia; Tendon divides into four parts; Prime mover of toe extension; 

digitoram of leg; lateral to proximal 3 4 of fibula; inserts into middle and distal dorsiflexes foot 

longus tibialis anterior interosseous membrane phalanges of toes 2-5 

Fibularis Small muscle; often Distal anterior surface of Tendon inserts on dorsum of Dorsiflexes and everts foot 

(peroneus) fused to distal part of fibula and interosseous metatarsal V 

tertius extensor digitoram membrane 

longus 

Extensor Deep to extensor Anteromedial shaft of Tendon inserts on distal phalanx Extends great toe; dorsiflexes 

hallucis longus digitoram longus and fibula and interosseous of great toe foot 

tibialis anterior membrane 


(Table eontinnes on page 222.) 


GROUP CHALLEIMGE 


Name That Musde 

Work in groups of three or four to fill out the Group Chal- 
lenge ehart for muscle IDs. Refrain from looking baek at 
the tables. Use the “brain power” of your group and the 
appropriate muscle models. To assist in this task, reeall 
that when a muscle eontraets, the muscle’s insertion moves 


toward the muscle’s origin. Also, in the muscles of the 
limbs, the origin typieally lies proximal to the insertion. 
Sometimes the origin and insertion are even part of the 
muscle’s name! 


Group ehallenge: Muscle IDs 


Origin 

Insertion 

Muscle 

Primary aetion 

Zygomatie areh and 
maxilla 

Angle and ramus 
of the mandible 



Anterior surface of 
ribs 3-5 

Coracoid proeess of 
the scapula 



Inferior border of 
rib above 

Superior border 
of rib below 



Distal portion of 
anterior humerus 

Coronoid proeess 
of the ulna 



Anterior inferior iliae 
spine and superior 
margin of acetabulum 

Tibial tuberosity and 
patella 



By two heads from 
medial and lateral 
eondyles of femur 

Calcaneus via ealeaneal 
tendon 
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Patella 


Head of fibula 


Gastrocnemius 



Fibularis 

brevis 


Flexor 
hallucis 
longus 

Fibular 
retinaculum 


Extensor hallucis brevis 


Extensor digitorum 
brevis 


Lateral 
malleolus 


Uy 


Metatarsal V 






l 



Fibularis longus 


Gastrocnemius 


Tibia 


Tibialis anterior 


Extensor digitomm 
longus 


Soleus 


Extensor hallucis 
longus 

Fibularis tertius 


Superior and inferior 
extensor retinacula 


Figure 13.14 Muscles of the anterolateral aspeet of the right leg. 

(a) Superfieial vievv of lateral aspeet of the leg, ìllustrating the positioning 
of the lateral eompartment muscles (fibularis longus and brevis) relative 
to anterior and posterior leg muscles. (b) Superfieial vievv of anterior leg 
muscles. 































































Exercise 13 


Table 13.9 

Muscles Aeting on Human Foot and Ankle (continued) 


Muscle 

Comments 

Origin 

Insertion 

Aetion 

Posterior Compartment, Superficial (Figure 13.15a; also Figure 13.14) 

Trieeps surae 

Refers to muscle pair 
below that shapes 
posterior ealf 


Via eommon tendon (ealeaneal) 
into calcaneus of the heel 

Plantar flex foot 

Gastrocnemius 

Superficial muscle of 
pair; two prominent 
bellies 

By two heads from 
medial and lateral 
eondyles of femur 

Calcaneus via ealeaneal tendon 

Plantar flexes foot when knee 
is extended; erosses knee joint; 
thus ean flex knee (when foot is 
dorsiflexed) 

Soleus 

Deep to 
gastrocnemius 

Proximal portion of tiba 
and fibula; interosseous 
membrane 

Calcaneus via ealeaneal tendon 

Plantar flexion; is an important 
muscle for loeomotion 


(Table eontinnes on page 224.) 


Demonstrating Operations 
of Lower Limb Muscles 

1. Go into a deep knee bend and palpate your own gluteus 
maximus muscle as you extend your hip to resume the upright 
posture. 

2. Demonstrate the eontraetion of the anterior quadriceps 
femoris by trying to extend your knee against resistanee. Do 
this while seated and note how the patellar tendon reaets. The 
bieeps femoris of the posterior thigh eomes into play when 
you flex your knee against resistanee. 

3. Now stand on your toes. Have your partner palpate the 
lateral and medial heads of the gastrocnemius and follow it to 
its insertion in the ealeaneal tendon. 

4. Dorsiflex and invert your foot while palpating your tibi- 
alis anterior muscle (which parallels the sharp anterior erest 
of the tibia laterally). m 


A C T I V I T Y 5 


Review of Human Musculature 

Review the muscles by watching the Human Musculature 
video. H 


A C T I V I T Y 6 


Making a Muscle Painting 

1. Choose a male student to be “muscle painted.” 

2. Obtain bmshes and water-based paints from the supply 
area while the “vohmteer” removes his shirt and rolls up his 
pant legs (if neeessary). 


3. Using different eolored paints, identify the muscles listed 
below by painting his skin. If a muscle eovers a large body 
area, you may opt to paint only its borders. 

• bieeps braehii 

• deltoid 

• ereetor spinae 

• peetoralis major 

• rectus femoris 

• tibialis anterior 

• trieeps braehii 

• vastus lateralis 

• bieeps femoris 

• extensor earpi radialis longus 

• latissimus dorsi 

• rectus abdominis 

• sternoeleidomastoid 

• trapezius 

• trieeps surae 

• vastus medialis 

4. Check your “human painting” with your instmetor before 
eleaning your beneh and leaving the laboratory. H 

For instmetions on animal disseetions, see the dissee- 
tion exercises (starting on page 697) in the eat and fetal 
pig editions of this manual. 
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Plantaris 


Medial 

head 

Lateral 

head 


Tendon of 
gastroenemiiis 


Calcaneal 

tendon 


Medial 
malleoliis 



Soleus 





Lateral 

malleolus 


Calcaneus 


Gastroe- 
nemiiis 

medial head 
(cut) 


Flexor 
digitomm 
longus 


Tendon of 
tibialis posterior 

Medial- 

malleolus 



Calcaneal 


tendon (cut) 


Plantaris (cut) 


Gastrocnemius 

lateral head (cut) 


Popliteus 


Soleus (cut) 


Tibialis posterior 


Fibula 


Fibularis 

longus 


Flexor hallucis 
longus 


Fibularis brevis 


(a) 



Calcaneus 


(b) 


Figure 13.15 Muscles of the posterior aspeet of the right leg. (a) Superfieial view 
of the posterior leg. (b) The trieeps surae has been removed to show the deep 
muscles of the posterior eompartment. 
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Exercise 13 


Table 13.9 

Muscles Aeting on Human Foot and Ankle (continued) 


Muscle 

Comments 

Origin 

Insertion 

Aetion 

Posterior Compartment, Deep (Figure 13.15b-e) 

Popliteus 

Thin muscle at 
posterior aspeet of 
knee 

Lateral eondyle of femur 
and lateral meniscus 

Proximal tibia 

Flexes and rotates leg medially 
to “unlock” extended knee 
when knee flexion begins 

Tibialis 

posterior 

Thiek muscle deep to 
soleus 

Superior portion of 
tibia and fibula and 
interosseous membrane 

Tendon passes obliquely behind 
medial malleolus and under areh 
of foot; inserts into several tarsals 
and metatarsals II-IV 

Prime mover of foot inversion; 

plantar flexes foot; stabilizes 
longitudinal areh of foot 

Flexor 

digitomm 

longus 

Runs medial to and 
partially overlies 
tibialis posterior 

Posterior surface of tibia 

Distal phalanges of toes 2-5 

Flexes toes; plantar flexes and 
inverts foot 

Flexor hallucis 
longus 
(see also 

Figure 13.14a) 

Lies lateral to inferior 
aspeet of tibialis 
posterior 

Middle portion of fibula 
shaft; interosseous 
membrane 

Tendon mns under foot to distal 
phalanx of great toe 

Flexes great toe (hallux = great 
toe); plantar flexes and inverts 
foot; the “push-off muscle” 
during walking 




O = origin 
I = insertion 


Tibialis 

posterior 








Popliteiis 


Flexor 
hallucis 
longus 


Flexor 

digitorum 

longus 


(e) 


Figure 13.15 (continued) Miiseles of the 
posterior aspeet of the right leg. 

(e-e) lndividual muscles are shovvn 
in isolation so that their origins and 
insertions may be visualized. 




























Gross Anatomy of the 
Muscular System 


eiassifieation of Skeletal Muscles 

1. Several eriteria were given for the naming of muscles. Mateh the eriteria (column B) to the muscle names (column A) 
Note that more than one eriterion may apply in some eases. 


Column A 


Column B 


1. gluteus maximus 


a. aetion of the muscle 


2. adductor magnus 


b. shape of the muscle 


3. bieeps femoris 


e. loeation of the origin and/or insertion of the muscle 


4. transversus abdominis 


d. number of origins 


5. extensor earpi ulnaris 


e. loeation of the muscle relative to a bone or body region 


6. trapezius 


7. rectus femoris 


8. external oblique 


f. direetion in which the muscle fibers run relative to 
some imaginary line 


g. relative size of the muscle 


2. Mateh the key terms to the muscles and movements deseribed below. 

Key: a. prime mover (agonist) b. antagonist e. synergist d. fixator 

_1. term for the bieeps braehii during elbow flexion 

_2. term that deseribes the relation of braehialis to bieeps braehii during elbow flexion 

_3. term for the trieeps braehii during elbow flexion 

_4. term for the iliopsoas during hip extension 

_5. term for the gluteus maximus during hip extension when walking up stairs 

_6. term for the rotator cuff muscles and deltoid when the elbow is flexed and the hand grabs 

a tabletop to lift the table 
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Revievv Sheet 13 


Muscles of the Head and Neek 

3. Using ehoiees from the key at the right, eorreetly identify muscles provided with leader lines on the diagram 



Epieranial 

aponeurosis 


Key: 

a. buccinator 


b. eormgator supercilii 
e. depressor anguli oris 

d. depressor labii inferioris 

e. epicranius (frontal belly) 

f. epicranius (oeeipital belly) 

g. levator labii superioris 

h. masseter 


ì. 


J- 


1 . 


mentalis 


orbicularis oculi 


k. orbicularis oris 


platysma 


m. trapezius 

n. zygomaticus major and minor 


4. Using the key provided in question 3, identify the muscles deseribed next. 
_ 1. used in smiling _ 

_ 2. used to suck in your eheeks 

_ 3. used in blinking and squinting 

_ 4. used to pout (pulls the eorners of the mouth 

downward) _ 

_ 5. raises your eyebrows for a questioning 

expression 


6. used to form the vertieal frown 
erease on the forehead 

7. your “kisser” 

8. prime mover to raise the mandible 

9. tenses skin of the neek during 
shaving 
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Muscles of the Trunk 


5. Correctly identify both intaet and transeeted (cut) muscles depieted in the diagram, using the key given at the right. (Not all 
terms will be used in this identifieation.) 


Coracoid 

proeess 


eiaviele 


Sterniinn 


Bursa 



Key: 

a. bieeps braehii 

b. braehialis 

e. deltoid (cut) 

d. external intereostals 

e. external oblique 

f. internal oblique 

g. latissimus dorsi 

h. peetoralis major 

i. peetoralis minor 

j. rectus abdominis 

k. rhomboids 

l. serratus anterior 

m. subscapularis 

n. transversus abdominis 

o. trapezius 


6 . Using the key provided in question 5 above, identify the major muscles deseribed next. 


1. a major spine flexor 

2. prime mover for arm extension 

3. prime mover for arm flexion 

4. assume major responsibility for forming 
the abdominal girdle (three pairs of 
muscles) 

5. prime mover of shoulder abduction 


6. important in shoulder adduction; 
antagonists of the shoulder abductor 
(two muscles) 

7. moves the scapula forward and 
rotates scapula upward 

8. small, inspiratory muscles between 
the ribs; elevate the ribs 

9. extends the head 

10. pull the scapulae medially 
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Revievv Sheet 13 


Muscles of the llpper Limb 


7. Using terms from the key on the right, eorreetly identify all muscles provided with leader lines in the diagram. (Not all the 
listed terms are used in this exercise.) 



Flexor 
retinaculum 


Medial epieondyle 
of humerus 


Palmar 

aponeurosis 


Key: 

a. bieeps braehii 

b. braehialis 

e. braehioradialis 

d. extensor earpi radialis longus 

e. extensor digitomm 

f. flexor earpi radialis 

g. flexor earpi ulnaris 

h. flexor digitomm superficialis 

i. flexor pollieis longus 

j. palmaris longus 

k. pronator quadratus 

l. pronator teres 

m. supinator 

n. trieeps braehii 


8. Use the key provided in question 7 to identify the muscles deseribed next. 
_ 1. flexes the forearm and supinates the hand _ 

_ 2. synergist for supination of hand _ 

_ 3. forearm flexors; no role in supination (two _ 

muscles) 

_ 4. elbow extensor 

_ 5. power wrist flexor and abductor 

_ 6 . 


7. 

8 . 

9. 

10 . 

11 . 


pronate the hand (two muscles) 

flexes the thumb 

extends and abducts the wrist 

extends the wrist and digits 

flat muscle that is a weak wrist flexor; 
tenses skin of the palm 


flexes wrist and middle phalanges 
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Muscles of the Lovver Limb 


9 . Using the terms from the key on the right, eorreetly identify all muscles provided with leader lines in the diagram below. 
(Not all listed terms are used in this exercise.) 


Patella 


Head of fibula 



Fibular 
retinaculum 


Lateral 
malleolus 


Metatarsal V 


Key: 

a. adductor group 

b. bieeps femoris 

e. extensor digitomm longus 

d. fibularis brevis 

e. fibularis longus 

f. flexor hallucis longus 

g. gastrocnemius 

h. gluteus maximus 

i. gluteus medius 

j. rectus femoris 

k. semimembranosus 

l. semitendinosus 

m. soleus 

n. tensor faseiae latae 

o. tibialis anterior 

p. tibialis posterior 

q. vastus lateralis 


10 . Use the key terms in question 9 to respond to the deseriptions below. 
_ 1. flexes the great toe and inverts the foot _ 


6. prime mover of inversion of the foot 


2. lateral eompartment muscles that plantar 
flex and evert the foot (two muscles) 

3. abduct the thigh to take the “at ease” stanee 
(two muscles) 

4. used to extend the hip when elimbing stairs 

5. prime movers of plantar flexion of the 
foot (two muscles) 


7. prime mover of dorsiflexion of the foot 

8. adduct the thigh, as when standing at 
attention 

9. extends the toes 

10. extend thigh and flex knee (three muscles) 

11 . 


extends knee and flexes thigh 
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General Review: Muscle Reeognition 

11. Identify eaeh lettered muscle in the diagram of the human anterior superficial musculature by matehing its letter with one 
the following muscle names: 


1. adductor longus 


2. bieeps braehii 


3. braehioradialis 


4. deltoid 


5. extensor digitomm longus 


6. external oblique 


7. fibularis longus 


8. flexor earpi radialis 


9. flexor earpi ulnaris 


10. frontal belly of epicranius 


11. gastrocnemius 


12. graeilis 


13. iliopsoas 


14. internal oblique 


15. latissimus dorsi 


16. masseter 


17. orbicularis oculi 


18. orbicularis oris 


19. palmaris longus 


20. pectineus 


21. peetoralis maj or 


22. platysma 


23. pronator teres 


24. rectus abdominis 



hh 


kk 


v V- 


25. rectus femoris 


26. sartorius 


31. temporalis 


36. trieeps braehii 


27. serratus anterior 


32. tensor faseiae latae 


37. vastus lateralis 


28. soleus 


33. tibialis anterior 


38. vastus medialis 


29. sternoeleidomastoid 


34. transversus abdominis 


39. zygomaticus 


30. sternohyoid 


35. trapezius 
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12. Identify eaeh lettered muscle in this diagram of the human posterior superficial musculature by matehing its letter with one 
of the following muscle names: 

_ 1. adductor magnus 

_ 2. bieeps femoris 

_ 3. braehialis 

_ 4. braehioradialis 

_ 5. deltoid 

_ 6. extensor earpi radialis longus 

_ 7. extensor earpi ulnaris 

_ 8. extensor digitomm 

_ 9. external oblique 

_ 10. flexor earpi ulnaris 

_ 11. gastrocnemius 

_ 12. gluteus maximus 

_ 13. gluteus medius 

_ 14. graeilis 

_ 15. iliotibial traet (tendon) 

_ 16. infraspinatus 

_ 17. latissimus dorsi 

_ 18. oeeipital belly of epicranius 

_ 19. semimembranosus 

_ 20. semitendinosus 

_ 21. sternoeleidomastoid 



22. teres major 

23. trapezius 

24. trieeps braehii 
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General Revievv: Muscle Deseriptions 

13 . Identify the muscles deseribed by eompleting the following statements. Use an appropriate referenee as needed. 

1. The_,_,_,and_ 

are eommonly used for intramuscular injeetions (four muscles). 

2. The insertion tendon of the_group eontains a large sesamoid bone, the patella. 

3. The trieeps surae insert in eommon into the_tendon. 

4. The bulk of the tissue of a muscle tends to lie_to the part of the body it causes 

to move. 

5. The extrinsic muscles of the hand originate on the_. 

6. Most flexor muscles are loeated on the_aspeet of the body; most extensors 

are loeated_. An exception to this generalization is the extensor-flexor 

musculature of the 













MATERIALS 

□ ATP muscle kits (glyeerinated rabbit 
psoas muscle;* ATP and salt solutions 
obtainable from Carolina Biologieal 
Supply) 

□ Petri dishes 

□ Mieroseope slides 

□ Coverslips 

□ Millimeter ruler 

□ Compound mieroseope 

□ Stereomieroseope 

□ Pointed glass probes (teasing needles) 

□ Small beakers (50 ml) 

□ Distilled vvater 

□ Glass-marking peneil 

□ Textbooks or other heavy books 

□ Watchortimer 

□ Ringer's solution (frog) 

□ Seissors 

□ Metal needle probes 

□ Medieine dropper 

□ Cotton thread 

□ Foreeps 

□ Disposable gloves 

□ Glass or poreelain plate 

□ Pithed bullfrog + 

□ Physiograph or BIOPAC® equipment: + 
Physiograph apparatus, physiograph 
paper and ink, foree transducer, pin 
eleetrodes, stimulator, stimulator output 
extension eable, transducer stand and 
eable, straight pins, frog board 

B!I1PAC @ B ^ B AC® B ^ L System for 

Windows with BSL soft- 
ware version 3.7.5 to 3.7.7, or BSL Sys- 
tem for Mae OS X with BSL software 
version 3.7.4 to 3.7.7, MP 36/35 or MP45 

(Text continues on next page.) 



OBJECTIVES 

1. Define the terms resting membrane potential, depolarization, 
repolarization, aetion potential , and absolute and relative refraetory 
periods and explain the physiologieal basis of eaeh. 

2. Observe muscle eontraetion mieroseopieally and deseribe the role of ATP 
and various ions in muscle eontraetion. 

3. Define muscle tvviteh and deseribe its three phases. 

4. Differentiate between subthreshold stimulus, threshold stimulus, and 
maximal stimulus. 




5. Define tetanus in skeletal rrmsele, and explain how it eomes about. 

6. Define muscle fatigue and deseribe the effeets of load on muscle fatigue. 

7. Define motor unit, and relate recruitment of motor units and temporal 
summation to production of a graded eontraetion. 

8. Demonstrate how a physiograph or computer with data acquisition unit ean 
be used to reeord skeletal muscle aetivity. 

9. Explain the signifieanee of reeordings obtained during experimentation. 


PRE-LAB Q U I Z 

1. Circle the eorreet underlined term. The potential differenee, or voltage, 
aeross the plasma membrane is the result of the differenee in membrane 
permeability to anions / eations. most importantly Na + and K + . 

2. The_wave follows the depolarization wave aeross the sareolemma. 

a. hyperpolarization 

b. refraetion 

e. repolarization 

3. Circle True or False. The voltage at which the first notieeable eontraetile 
response is aehieved is ealled the threshold stimulus. 

4. Circle True or False. A single muscle is made up of many motor units, and 
the gradual aetivation of these motor units results in a graded eontraetion 
of the whole muscle. 

5. A sustained, smooth, muscle eontraetion that is a result of high-frequency 
stimulation is 

a. tetanus b. tonus e. twitch 



MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



T he eontraetion of skeletal and eardiae muscle fibers ean be eonsidered in 

terms of three events—eleetrieal excitation of the muscle eell, excitation 
eontraetion coupling, and shortening of the muscle eell due to sliding of 
the myofilaments within it. 

At rest, all eells maintain a potential differenee, or voltage, aeross their 
plasma membrane; the inner faee of the membrane is approximately -60 to -90 
millivolts (mV) eompared with the eell exterior. This potential differenee is a 
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Exercise 14 


(Materials list continued.) 

data acquisition unit, PC or Mae eom- 
puter, BIOPAC Student Lab eleetrode 
lead set, hand dynamometer, head- 
phones, metrietape measure, disposable 
vinyl eleetrodes, and conduction gel. 

lnstructors using the MP36 (or MP35/30) 
data acquisition unit vvith BSL softvvare 
versions earlier than 3.7.5 (for Windows) 
and 3.7.4 (for Mae OS X) will need 
slightly different ehannel settings and 
eolleetion strategies. instmetions for 
using the older data acquisition unit ean 
be found on MasteringA&P. 


Notes to the instriietor: *At the begin- 
ning of the lab, the muscle bundle should 
be removed from the test tube and cut into 
approximately 2-em lengths. Both the cut 
muscle segments and the entubed glyeerol 
should be put into a petri dish. One muscle 
segment is sufficient for every two to four 
students making observations. 

T Bullfrogs to be pithed by lab instmetor as 
needed for student experimentation. 

(If instmetor prefers that students pith their 
own speeimens, an instmetional sheet on 


that procedure suitable for eopying for 
student handouts is provided in the 
Instmetor’s Guide.) 


T Additionally, instmetions for Aetivity 3 
using a kymograph ean be found in the 
Instmetor Guide. Instmetions for using 
PowerLab® equipment ean be found on 
MasteringA&P. 


PEx 


PhysioEx™ 9.1 Computer Simulation 
Ex.2 on p. PEx-17. 





result of differenees in membrane permeability to eations, 
most importantly sodium (Na + ) and potassium (K + ) ions. 
Intracellular potassium eoneentration is much greater than its 
extracellular eoneentration, and intracellular sodium eoneen- 
tration is eonsiderably less than its extracellular eoneentration. 
Henee, steep eoneentration gradients aeross the membrane 
exist for both eations. Because the plasma membrane is more 
permeable to K + than to Na + , the eell’s resting membrane 
potential is more negative inside than outside. The resting 
membrane potential is of particular interest in excitable eells, 
like muscle eells and neurons, because ehanges in that volt- 
age underlie their ability to do work (to eontraet and/or issue 
eleetrieal signals). 


Aetion Potential 

When a muscle eell is stimulated, the sareolemma beeomes 
temporarily more permeable to Na + , which enters the eell. 
This sudden influx of Na + alters the membrane potential. 
That is, the eell interior beeomes less negatively eharged at 
that point, an event ealled depolarization. When depolariza- 
tion reaehes a eertain level and the sareolemma momentarily 
ehanges its polarity, a depolarization wave travels along the 
sareolemma. Even as the influx of Na + occurs, the sareo- 
lemma beeomes less permeable to Na + and more permeable 
to K + . Consequently, K + ions move out of the eell, restoring 
the resting membrane potential (but not the original ionie eon- 
ditions), an event ealled repolarization. The repolarization 
wave follows the depolarization wave aeross the sareolemma. 
This rapid depolarization and repolarization of the membrane 
that is propagated along the entire membrane from the point 
of stimulation is ealled the aetion potential. 

The absolute refraetory period is the period of time 
when Na + permeability of the sareolemma is rapidly ehang- 
ing and maximal, and the following period when Na + per- 
meability beeomes restrieted. During this period there is no 
possibility of generating another aetion potential. As Na + 
permeability is gradually restored to resting levels during 
repolarization, an espeeially strong stimulus to the muscle 
eell may provoke another aetion potential. This period of time 
is the relative refraetory period. Repolarization restores 
the muscle eell’s normal excitability. If the muscle eell is 
stimulated to eontraet rapidly again and again, the ehanges 
in Na + and K + eoneentrations near the membrane begin to 
reduce its ability to respond. The sodium-potassium pump, 


which aetively transports K + into the eell and Na + out of the 
eell, must be “revved up” (beeome more aetive) to reestablish 
the ionie eoneentrations of the resting state. 

Contraction 

Propagation of the aetion potential along the sareolemma 

^ I 

causes the release of calcium ions (Ca ) from storage in the 
sareoplasmie reticulum within the muscle eell. When the eal- 
cium ions bind to the regulatory protein troponin on the aetin 
myofilaments, they aet as an ionie trigger that initiates eon- 
traetion, and the aetin and myosin filaments slide past eaeh 
other. Onee the aetion potential ends, the calcium ions are 
almost immediately transported baek into the sareoplasmie 
reticulum. Instantly the muscle eell relaxes. 

The events of the eontraetion proeess ean most simply be 
summarized as follows: Muscle eell eontraetion is initiated by 
generation and transmission of an aetion potential along the 
sareolemma. This eleetrieal event is coupled to the sliding of 
the myofilaments—eontraetion—by the release of calcium 
ions (Ca 2+ ). Keep in mind this sequence of events as you 
conduct the experiments. 


A C T I V I T Y 1 


Observing Muscle Fiber Contraction 

In this simple observational experiment, you will have the 

opportunity to review your understanding of muscle eell anat- 

omy and to watch fibers respond to the presenee of ATP and/ 

. . 

or a solution of K and magnesium ions (Mg ). 

This experiment uses preparations of glyeerinated mus- 
ele. The glyeerination proeess denatures troponin and tropo- 
myosin. Consequently, calcium, so eritieal for eontraetion 
in vivo, is not neeessary here. The role of magnesium and 
potassium salts as eofaetors in the eontraetion proeess is not 
well understood, but magnesium and potassium salts seem to 
be required for ATPase aetivity in this system. 

1. Talk with other members of your lab group to develop a 
hypothesis about requirements for muscle fiber eontraetion 
for this experiment. The hypothesis should have three parts: 
(1) salts only, (2) ATP only, and (3) salts and ATP. 

2. Obtain the following materials from the supply area: two 
glass teasing needles; six glass mieroseope slides and six 






Skeletal Muscle Physiology: Frogs and Human Subjects 


eoverslips; millimeter mler; dropper bottles eontaining the 
following solutions: (a) 0.25% ATP in triply distilled water, 
(b) 0.25% ATP plus 0.05 M KC1 plus 0.001 M MgCl 2 in 
distilled water, and (e) 0.05 M KC1 plus 0.001 M MgCl 2 in 
distilled water; a petri dish; a beaker of distilled water; a 
glass-marking peneil; and a small portion of a previously cut 
muscle bundle segment. While you are at the supply area, 
plaee the muscle fibers in the petri dish and pour a small 
amount of glyeerol (the fluid in the supply petri dish) over 
your muscle eells. Also obtain both a compound and a stereo- 
mieroseope and bring them to your laboratory beneh. 

3. Using elean fine glass needles, tease the muscle segment 
to separate its fibers. The objeetive is to isolate single muscle 
eells or fibers for observation. Be patient and work carefully 
so that the fibers do not get torn during this isolation proee- 
dure. 

4. Transfer one or more of the fibers (or the thinnest strands 
you have obtained) onto a elean mieroseope slide with a glass 
needle, and eover it with a eoverslip. Examine the fiber under 
the compound mieroseope at low- and then high-power mag- 
nifieations to observe the striations and the smoothness of the 
fibers when they are in the relaxed state. 

5. Clean three mieroseope slides well and rinse in distilled 
water. Label the slides A, B, and C. 

6. Transfer three or four fibers to mieroseope slide A with a 
glass needle. Using the needle as a prod, carefully position the 
fibers so that they are parallel to one another and as straight 
as possible. Plaee this slide under a stereomieroseope and 
measure the length of eaeh fiber by holding a millimeter ruler 
adjaeent to it. Alternatively, you ean rest the mieroseope slide 
on the millimeter ruler to make your length determinations. 
Reeord the data on the Aetivity 1 ehart. 

7. Flood the fibers (situated under the stereomieroseope) 
with several drops of the solution eontaining ATP, K + , and 


Mg . Watch the reaetion of the fibers after adding the solu- 
tion. After 30 seeonds (or slightly longer), remeasure eaeh 
fiber and reeord the observed lengths on the ehart. Also, 
observe the fibers to see if any width ehanges have occurred. 
Calculate the degree (or pereentage) of eontraetion by using 
the simple formula below, and reeord this data on the ehart. 

Initial _ eontraeted _ degree of 
length (mm) length (mm) eontraetion (mm) 

then: 

Degree of eontraetion (mm) 

- X 100 =_% eontraetion 

initial length (mm) 

8. Carefully transfer one of the eontraeted fibers to a elean, 
unmarked mieroseope slide, eover with a eoverslip, and 
observe with the compound mieroseope. Mentally eompare 
your initial observations with the view you are observing 
now. What differenees do you see? (Be speeifie.) 


What zones (or bands) have disappeared? 


9. Repeat steps 6 through 8 twice more, using elean slides 
and fresh muscle eells. On slide B use the solution of ATP in 
distilled water (no salts). Then, on slide C use the solution 


Aetivity 1: Observations of Muscle Fiber Contraction 


Salts and ATP, slide A 

Musde fiber 1 

Muscle fiber 2 

Muscle fiber 3 

Average 

Initial length (mm) 





Contracted length (mm) 





% Contraction 










ATP only, slide B 





Initial length (mm) 





Contracted length (mm) 





% Contraction 










Salts only, slide C 





Initial length (mm) 





Contracted length (mm) 





% Contraction 
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eontaining only salts (no ATP) for the third series. Reeord 
data on the Aetivity 1 ehart. 

10. Collect the data from all the groups in your laboratory 
and use these data to prepare a lab report. (See Getting 
Started, page xiv.) Include in your discussion the following 
questions: 

What degree of eontraetion was observed when ATP was 
applied in the absenee of K + and Mg 2+ ? 


What degree of eontraetion was observed when the muscle 

. r\ 

fibers were flooded with a solution eontaining K and Mg , 
and laeking ATP? 


What conclusions ean you draw about the importanee of ATP, 
K + , and Mg 2+ to the eontraetile proeess? 


Can you draw exactly the same conclusions from the data 
provided by eaeh group? List some variables that might have 


been introduced into the procedure and that might account for 
any differenees. 


A C T I V I T Y 2 


lnducing Contraction in the Frog 
Gastrocnemius Muscle 

Physiologists have learned a great deal about the way muscles 
function by isolating muscles from laboratory animals and then 
stimulating these muscles to observe their responses. Various 
stimuli—eleetrieal shoek, temperature ehanges, extremes of 
pH, eertain ehemieals—elieit muscle aetivity, but laboratory 
experiments of this type typieally use eleetrieal shoek. This is 
because it is easier to eontrol the onset and eessation of eleetri- 
eal shoek, as well as the strength of the stimulus. 

Various types of apparatus are used to reeord muscle 
eontraetion. All include a way to mark time intervals, a way 
to indieate exactly when the stimulus was applied, and a 
way to measure the magnitude of the eontraetile response. 
instmetions are provided here for setting up a physiograph 
apparatus (Figure 14.1). Speeifie instmetions for use of 
reeording apparatus during reeording will be provided by 
your instmetor. 


Transducer tension adjuster 


Foree transducer 


Transducer 


Transducer 

eable 


Transducer 


coupler 


amplifier 


Stimulator 

panel 


Thread 

Clip-on 

stimulator output 
extension eable 


eleetrodes 



Frog board 


Figure 14.1 Physiograph setup for frog 
gastrocnemius experiments. 
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Gastrocnemius 

muscle 


Figure 14.2 Preparation of the frog gastrocnemius muscle. Numbers indieate the 
sequence of steps for preparing the muscle. 


Preparing a Muscle for Experimentation 

The preparatory work that preeedes the reeording of mus- 
ele aetivity tends to be quite time-consuming. If you work 
in teams of two or three, the work ean be divided. While 
one of you is setting up the reeording apparatus, one 
or two students ean disseet the frog leg (Figure 14.2). 
Experimentation should begin as soon as the disseetion is 
eompleted. 

Materials 

Channel amplifier and transducer eable 

Stimulator panel and stimulator output extension eable 

Foree transducer 

Transducer tension adjuster 

Transducer stand 

Two pin eleetrodes 

Frog board and straight pins 

Prepared frog (gastrocnemius muscle freed and ealeaneal 
tendon ligated) 

Frog Ringer’s solution 


Procedure 

1. Connect transducer to tranducer stand and attaeh frog 
board to stand. 

2. Attaeh tranducer eable to transducer and to input eonnee- 
tion on ehannel amplifier. 

3. Attaeh stimulator output extension eable to output on 
stimulator panel (red to red, blaek to blaek). 

4. Using elip at opposite end of extension eable, attaeh eable 
to bottom of transducer stand adjaeent to frog board. 

5. Attaeh two pin eleetrodes securely to eleetrodes on elip. 

6. Plaee knee of prepared frog in elip-on frog board and 
secure by inserting a straight pin through tissues of frog. Keep 
frog muscle moistened with Ringer’s solution. 

7. Attaeh thread from the ealeaneal tendon of frog to trans- 
ducer spring hook. 

8. Adjust position of tranducer on stand to produce a eonstant 
tension on thread attaehed to muscle (taut but not tight). Gas- 
trocnemius muscle should hang vertieally direetly below hook. 

9. Insert free ends of pin eleetrodes into the muscle, one at 
proximal end and the other at distal end. 
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Latent Period of 
period eontraetion 


Period of 
relaxation 



Single 

stimulus 


Fìgure 14.3 Traeing of a muscle twitch. 



DISSEOTIOni: 

Frog Hind Limb 

1. Before beginning the frog disseetion, have the follow- 
ing supplies ready at your laboratory beneh: a small beaker 
eontaining 20 to 30 ml of frog Ringer’s solution, seissors, 
a metal needle probe, a glass probe with a pointed tip, a 
medieine dropper, eotton thread, foreeps, a glass or poree- 
lain plate, and disposable gloves. While these supplies are 
being gathered, one member of your team should notify the 
instmetor that you are ready to begin experimentation, so 
that a frog ean be prepared (pithed). Preparation of a frog 
in this manner renders it unable to feel pain and prevents 
reflex movements (like hopping) that would interfere with 
the experiments. 

| 2. All students who will be handling the frog should 

• don disposable gloves. Obtain a pithed frog and plaee 
it ventral surface down on the glass plate. Make an ineision 
into the skin approximately midthigh (Figure 14.2), and then 
continue the cut eompletely around the thigh. Grasp the skin 
with the foreeps and strip it from the leg and hindfoot. The 
skin adheres more at the joints, but a careful, persistent pull- 
ing motion—somewhat like pulling off a nylon stoeking— 
will enable you to remove it in one pieee. From this point on, 
the exposed muscle tissue should be kept moistened with the 

Ringer’s solution to prevent spontaneous twitches. 

3. Identify the gastrocnemius muscle (the fleshy muscle of 
the posterior ealf) and the ealeaneal tendon that secures it to 
the heel. 


Reeording Muscle Aetivity 

Skeletal muscles eonsist of thousands of muscle eells and 
reaet to stimuli with graded responses. Thus muscle eontrae- 
tions ean be weak or vigorous, depending on the require- 
ments of the task. Graded responses (different degrees of 
shortening) of a skeletal muscle depend on the number of 
muscle eells being stimulated. In the intaet organism, the 
number of motor units firing at any one time determines how 
many muscle eells will be stimulated. In this laboratory, the 
frequency and strength of an eleetrieal current determines 
the response. 

A single eontraetion of skeletal muscle is ealled a muscle 
twitch. A traeing of a muscle twitch (Figure 14.3) shows 
three distinet phases: latent, eontraetion, and relaxation. The 
latent period is the interval from stimulus applieation until 
the muscle begins to shorten. Although no aetivity is indi- 
eated on the traeing during this phase, excitation-contraction 
coupling is occurring within the muscle. During the period 
of eontraetion, the muscle fibers shorten; the traeing shows 
an inereasingly higher needle defleetion and the traeing 
peaks. During the period of relaxation, represented by a 
downward curve of the traeing, the muscle fibers relax and 
lengthen. On a slowly moving reeording surface, the single 
muscle twitch appears as a spike (rather than a bell-shaped 
curve, as in Figure 14.3), but on a rapidly moving reeord- 
ing surface, the three distinet phases just deseribed beeome 
reeognizable. 

Determining the Threshold Stimulus 

1. Assuming that you have already set up the reeording 
apparatus, set the time marker to deliver one pulse per seeond 
and set the paper speed at a slow rate, approximately 0.1 em 
per seeond. 

2. Set the duration eontrol on the stimulator between 
7 and 15 milliseeonds (msee), multiplier XI. Set the voltage 
eontrol at 0 V, multiplier XI. Turn the sensitivity eontrol 
knob of the stimulator fully clockwise (lowest value, greatest 
sensitivity). 

3. Administer single stimuli to the muscle at 1 -minute inter- 
vals, beginning with 0.1 V and inereasing eaeh successive 
stimulus by 0.1 V until a eontraetion is obtained (shown by a 
spike on the paper). 

At what voltage did eontraetion occur?_V 

The voltage at which the first pereeptible eontraetile 
response is obtained is ealled the threshold stimulus. All 
stimuli applied prior to this point are termed subthresh- 
old stimuli, because at those voltages no response was 
elieited. 


4. Slip a glass probe under the gastrocnemius muscle and 
run it along the entire length and under the ealeaneal tendon 
to free them from the underlying tissues. 

5. Cut a pieee of thread about 10 inehes long and use the 
glass probe to slide the thread under the ealeaneal tendon. 
Knot the thread firmly around the tendon and then sever the 
tendon distal to the thread. Alternatively, you ean bend a 
eommon pin into a Z shape and insert the pin securely into 
the tendon. The thread is then attaehed to the opposite end of 
the pin. Onee the tendon has been tied or pinned, the frog is 
ready for experimentation (see Figure 14.2). ■ 


4. Stop the reeording and mark the reeord to indieate the 
threshold stimulus, voltage, and time. Do not remove the 
reeord from the reeording surface; continue with the next 
experiment. Remember: keep the muscle preparation moist- 
ened with Ringer’s solution at all times. 

Observing Graded Muscle Response 
to inereased Stimulus Intensity 

1. Follow the previous setup instmetions, but set the voltage 
eontrol at the threshold voltage (as determined in the first 
experiment). 




















Skeletal Muscle Physiology: Frogs and Human Subjects 


239 


2. Deliver single stimuli at l-minute intervals. Initially 
inerease the voltage between shoeks by 0.5 V; then inerease 
the voltage by 1 to 2 V between shoeks as the experiment 
continues, until eontraetion height inereases no further. Stop 
the reeording apparatus. 

What voltage produced the highest spike (and thus the 

maximal strength of eontraetion)?_V 

This voltage, ealled the maximal stimulus (for your muscle 
speeimen), is the weakest stimulus at which all muscle eells 
are being stimulated. 

3. Mark the reeord maximal stimulus. Reeord the maximal 
stimulus voltage and the time you eompleted the experiment. 

4. What is happening to the muscle as the voltage is 
inereased? 


What is another name for this phenomenon? (Use an appro- 
priate referenee if neeessary.) 


5. Explain why the strength of eontraetion does not inerease 
onee the maximal stimulus is reaehed. 


Timing the Muscle Twitch 

1. Follow the previous setup direetions, but set the voltage 
for the maximal stimulus (as determined in the preeeding 
experiment) and set the paper advanee or reeording speed at 
maximum. Reeord the paper speed setting: 

_ mm/see 

2. Determine the time required for the paper to advanee 
1 mm by using the formula 

1 mm 

mm/see (paper speed) 

(Thus, if your paper speed is 25 mm/see, eaeh mm on the 
ehart equals 0.04 see.) Reeord the computed value: 

1 mm =_see 

3. Deliver single stimuli at l-minute intervals to obtain sev- 
eral í4 twitch” curves. Stop the reeording. 

4. Determine the duration of the latent, eontraetion, and 
relaxation phases of the twitches and reeord the data below. 

Diiration of latent period:_see 



Figure 14.4 Muscle response to stirrmlation. Arrovvs 
represent stimuli. (a) Wave summation at low-frequency 
stimulation. (b) Fused tetanus occurs as stirrmlation rate is 
inereased. 


Duration of period of eontraetion:_see 

Duration of period of relaxation:_see 

5. Label the reeord to indieate the point of stimulus, the 
beginning of eontraetion, the end of eontraetion, and the end 
of relaxation. 

6. Allow the muscle to rest (but keep it moistened with Ringer’ s 
solution) before continuing with the next experiment. 

Observing Graded Muscle Response 
to inereased Stimulus Frequency 

Muscles subjected to frequent stimulation, without a ehanee 
to relax, exhibit two kinds of responses—wave summation 
and tetanus—depending on the level of stimulus frequency 

(Figure 14.4). 

Wave Summation 

If a muscle is stimulated with a rapid series of stimuli of the 
same intensity before it has had a ehanee to relax eompletely, 
the response to the seeond and subsequent stimuli will be 
greater than to the first stimulus (see Figure 14.4a). This 
phenomenon, ealled wave siimmation, or temporal sum- 
mation, occurs because the muscle is already in a partially 
eontraeted state when subsequent stimuli are delivered. 
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1. Set up the apparatus as in the previous experiment, setting 
the voltage to the maximal stimulus as determined earlier and 
the ehart speed to maximum. 

2. With the stimulator in single mode, deliver two successive 
stimuli as rapidly as possible. 

3. Shut off the reeorder and label the reeord as wave siimrna- 
tion. Note also the time, the voltage, and the frequency. What 
did you observe? 


Tetanus 

Stimulation of a muscle at an even higher frequency will 
produce a t4 fusion” (eomplete tetanization) of the summated 
twitches. In effeet, a single sustained eontraetion is aehieved in 
which no evidenee of relaxation ean be seen (see Figure 14.4b). 
Fused tetanus, or eomplete tetanus, demonstrates the maxi- 
mum foree generated by a skeletal muscle; the single muscle 
twitch is primarily a laboratory phenomenon. 

1. To demonstrate fused tetanus, maintain the eonditions 
used for wave summation except for the frequency of stimula- 
tion. Set the stimulator to deliver 60 stimuli per seeond. 

2. As soon as you obtain a single smooth, sustained eontrae- 
tion (with no evidenee of relaxation), discontinue stimulation 
and shut off the reeorder. 

3. Label the traeing with the eonditions of experimentation, 
the time, and the area offused or eomplete tetanus. 

Inducing Muscle Fatigue 

Muscle fatigue is a reversible physiologieal eondition in 
which a muscle is unable to eontraet even though it is being 
stimulated. Fatigue ean occur with short-duration maxi- 
mal eontraetion or long-duration submaximal eontraetion. 
Although the phenomenon of muscle fatigue is not eom- 
pletely understood, several faetors appear to contribute to 
it. Most affeet excitation-contraction coupling. One theory 
involves the buildup of inorganie phosphate (P^) from ATP 
and ereatine phosphate breakdown, which may bloek calcium 
release from the sareoplasmie reticulum (SR). Another theory 
suggests that potassium accumulation in the T tubules may 
bloek calcium release from the SR and alter the membrane 
potential of the muscle fiber. Laetie aeid buildup, long impli- 
eated as a cause of fatigue, does not appear to play a role. 

1. To demonstrate muscle fatigue, set up an experiment 
like the tetanus experiment but continue stimulation until the 
muscle eompletely relaxes and the eontraetion curve returns 
to the base line. 

2. Measure the time interval between the beginning of eom- 
plete tetanus and the beginning of fatigue (when the traeing 
begins its downward curve). Mark the reeord appropriately. 

3. Determine the time required for eomplete fatigue to occur 
(the time interval from the beginning of fatigue until the 
return of the curve to the base line). Mark the reeord appro- 
priately. 

4. Allow the muscle to rest (keeping it moistened with Ring- 
er’s solution) for 10 minutes, and then repeat the experiment. 


What was the effeet of the rest period on the fatigued muscle? 


What might be the physiologieal basis for this reaetion? 


Determining the Effeet of Load 
on Skeletal Muscle 

When the fibers of a skeletal muscle are slightly stretehed 
by a weight or tension, the muscle responds by eontraeting 
more foreibly and thus is eapable of doing more work. When 
the aetin and myosin barely overlap, sliding ean occur along 
nearly the entire length of the aetin filaments. If the load is 
inereased beyond the optimum, the latent period beeomes 
longer, eontraetile foree deereases, and relaxation (fatigue) 
occurs more quickly. With excessive stretehing, the muscle 
is unable to develop any aetive tension and no eontraetion 
occurs. Sinee the filaments no longer overlap at all with this 
degree of stretehing, the sliding foree eannot be generated. 

If your equipment allows you to add more weights to the 
muscle speeimen or to inerease the tension on the muscle, 
perform the following experiment to determine the effeet of 
loading on skeletal muscle and to develop a work curve for 
the frog’s gastrocnemius muscle. 

1. Set the stimulator to deliver the maximal voltage as previ- 
ously determined. 

2. Stimulate the unweighted muscle with single shoeks at 1- 
to 2- seeond intervals to aehieve three or four muscle twitches. 

3. Stop the reeording apparatus and add 10 g of weight or 
tension to the muscle. Restart and advanee the reeording about 
1 em, and then stimulate again to obtain three or four spikes. 

4. Repeat the previous step seven more times, inereasing the 
weight by 10 g eaeh time until the total load on the muscle 
is 80 g or the muscle fails to respond. If the ealeaneal tendon 
tears, the weight will drop, which ends the trial. In such eases, 
you will need to prepare another frog’s leg to continue the 
experiments and the maximal stimulus will have to be deter- 
mined for the new muscle preparation. 

5. When these “loading” experiments are eompleted, dis- 
continue reeording. Mark the curves on the reeord to indieate 
the load (in grams). 

6. Measure the height of eontraetion (in millimeters) for 
eaeh sequence of twitches obtained with eaeh load, and insert 
this information on the Aetivity 2 ehart (page 241). 

7. Compute the work done by the muscle for eaeh twitch 
(load) sequence. 

Weight of load (g) X distanee load lifted (mm) = work done 

Enter these calculations into the ehart in the column labeled 
Work done, Trial 1. 

8. Allow the muscle to rest for 5 minutes. Then conduct a 
seeond trial in the same manner (i.e., repeat steps 2 through 
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7). Reeord this seeond set of measurements and calculations 
in the columns labeled Trial 2. Be sure to keep the muscle well 
moistened with Ringer’s solution during the resting interval. 

9. Using two different eolors, plot a line graph of work done 
against the weight on the grid aeeompanying the ehart for 
eaeh trial. Label eaeh plot appropriately. 

10. Dismantle all apparatus and prepare the equipment for stor- 
age. Dispose of the frog remains in the appropriate eontainer. 
Diseard the gloves as instmeted and wash and dry your hands. 

11. inspeet your reeords of the experiments and make sure 
eaeh is fully labeled with the experimental eonditions, the 
date, and the names of those who conducted the experiments. 
For future referenee, attaeh a traeing (or a eopy of the traeing) 
for eaeh experiment to this page. H 


Aetivity 2: Results for Effeet of Load on Skeletal Muscle 



Distanee load 
lifted (mm) 

Work done 

Load (g) 

Trial 1 
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A C T I V I T Y 3 



Demonstrating Musde Fatigue in Humans 

1. Work in small groups. In eaeh group seleet a subject, a 
timer, and a reeorder. 

2. Obtain a eopy of the laboratory manual and a eopy of the 
textbook. Weigh eaeh book separately, and then reeord the 
weight of eaeh in the Aetivity 3 ehart in step 6. 


3. The subject is to extend an upper limb straight out in front 
of him or her, holding the position until the arm shakes or the 
muscles begin to aehe. Reeord the time to fatigue on the ehart. 

4. Allow the subject to rest for several minutes. Now ask the 
subject to hold the laboratory manual while keeping the arm 
and forearm in the same position as in step 3 above. Reeord 
the time to fatigue on the ehart. 

5. Allow the subject to rest again for several minutes. Now 
ask the subject to hold the textbook while keeping the upper 
limb in the same position as in steps 3 and 4 above. Reeord 
the time to fatigue on the ehart. 

6. Eaeh person in the group should take a turn as the subject, 
and all data should be reeorded in the ehart below. 


Aetivity 3: Results for Human Muscle Fatigue 


Load 

Weight 
of objeet 

Time elapsed until fatigue 

Subject 1 Subject 2 Subject 3 

Appendage 

N/A 




Lab Manual 





Textbook 






7. What ean you conclude about the effeet of load on muscle 
fatigue? Explain. 



AOTIVITY 4 


Eleetromyography in a Hiiman Subject 
llsing BIOPAC® 

Part 1: Temporal and Multiple 
Motor Unit Summation 

This aetivity is an introduction to a procedure known as elee- 
tromyography, the reeording of skin-surface voltage that 
indieates underlying skeletal muscle eontraetion. The actual 
visible reeording of the resulting voltage waveforms is ealled 
an eleetromyogram (EMG). 

A single skeletal muscle eonsists of numerous elongated 
skeletal muscle eells, also ealled skeletal muscle fibers (Exer- 
eise 12). These muscle eells are excited by motor neurons 
of the eentral nervous system whose axons terminate at the 
muscle. An axon of a motor neuron branehes profusely at the 
muscle. Eaeh braneh produces multiple axon terminals, eaeh 
of which innervates a single fiber. The number of muscle eells 
eontrolled by a single motor neuron ean vary greatly, from 
five (for fine eontrol needed in the hand) to 500 (for gross 
eontrol, such as in the buttocks). The most important orga- 
nizational eoneept in the physiology of muscle eontraetion 
is the motor unit, a single motor neuron and all of the eells 
within a muscle that it aetivates (see Figure 12.6 page 190). 
Understanding gross muscular eontraetion depends upon 
realizing that a single muscle eonsists of multiple motor units, 
and that the gradual and eoordinated aetivation of these motor 
units results in graded eontraetion of the whole muscle. 
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Exercise 14 


BIOPAC® MP45 unit 


BIOPAC® MP36/35 unit 



Headphones 



Figure 14.5 Setting up the BIOPAC® equipment to 
observe reemitment and temporal summation. Plug 
the headphones into the baek of the MP36/35 data 
acquisition unit or into the top of the MP45 unit # and the 
eleetrode lead set into ehannel 1. Eleetrode leads and 
headphones are shown eonneeted to the MP36/35 unit. 


The nervous system eontrols muscle eontraetion by two 
meehanisms: 

• Recruitment (multiple motor unit summation): the 

gradual aetivation of more and more motor units 

• Temporal (wave) summation: an inerease in the fre- 
quency of nerve impulses for eaeh aetive motor unit 

Thus, inereasing the foree of eontraetion of a muscle arises 
from gradually inereasing the number of motor units being 
aetivated and inereasing the frequency of nerve impulses 
delivered by those aetive motor units. 

A final phenomenon, which is hardly notieeable except 
when performing eleetromyography, is tonus, a eonstant state 
of slight excitation of a muscle while it is in the relaxed state. 
Even while í4 at rest,” a small number of motor units to a skel- 
etal muscle remain slightly aetive to prepare the muscle for 
possible eontraetion. 

Setting Llpthe Equipment 

1. Connect the BIOPAC® unit to the computer, then turn the 
computer ON. 

2. Make sure the BIOPAC® unit is OFF. 

3. Plug in the equipment (as shown in Figure 14.5). 

• Eleetrode lead set—CH 1 

• Headphones—baek of MP36/35 unit or top of MP45 unit 

4. Turn the BIOPAC® unit ON. 

5. Attaeh three eleetrodes to the subject’s dominant forearm 
(as shown in Figure 14.6) and attaeh the eleetrode leads 
aeeording to the eolors indieated. 



White lead 

H 


Blaek lead 
(ground) 


Figure 14.6 Plaeement of eleetrodes and the 
appropriate attaehment of eleetrode leads by eolor. 

6. Start the BIOPAC® Student Lab program by double- 
elieking the ieon on the desktop or by following your instrae- 
tor’s guidance. 

7. Seleet lesson LOl-EMG-1 from the menu and eliek OK. 

8. Type in a filename that will save this subject’s data on the 
computer hard drive. You may want to use the subject’s last 
name followed by EMG-1 (for example, SmithEMG-1). Then 
eliek OK. 

Calibrating the Equipment 

1. With the subject in a still position, eliek Calibrate. This 
initiates the proeess by which the computer automatically 
establishes parameters to reeord the data properly for the 
subj eet. 

2. After you eliek OK, have the subject wait for 2 seeonds, 
eleneh the fist tightly for 2 seeonds, then release the fist and 
relax. The computer then automatically stops the reeording. 

3. Observe the reeording of the ealibration data, which 
should look like the waveform in the example (Figure 14.7). 

• If the data look very different, eliek Redo Calibration 
and repeat the steps above. 

• If the data look similar, proeeed to the next seetion. 



Figure 14.7 Example of waveform during the 
ealibration procedure. 
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Figure 14.8 Example of waveforms during the 
reeording of data. Note the inereased signal strength 
with the inereasing foree of the eleneh. 

Reeording the Data 

1. Tell the subject that the reeording will be of a series 
of four fist elenehes, with the following instmetions: First 
eleneh the fist softly for 2 seeonds, then relax for 2 seeonds, 
then eleneh harder for 2 seeonds, and relax for 2 seeonds, then 
eleneh even harder for 2 seeonds, and relax for 2 seeonds, and 
finally eleneh with maximum strength, then relax. The result 
should be a series of four elenehes of inereasing intensity. 

When the subject is ready to do this, eliek Reeord; then 
eliek Suspend when the subject is finished. 

2. Observe the reeording of the data, which should look like 
the waveforms in the example (Figure 14.8). 

• If the data look very different, eliek Redo and repeat the 
steps above. 

• If the data look similar, eliek STOP. Click YES in 
response to the question, 4í Are you finished with both 
forearm reeordings?” 

Optional: Anyone ean use the headphones to listen to an 
“auditory version” of the eleetrieal aetivity of eontraetion by 
elieking Listen and having the subject eleneh and relax. Note 
that the frequency of the auditory signal eorresponds with the 
frequency of aetion potentials stimulating the muscles. The 
signal will continue to run until you eliek STOP. 

3. Click Done, and then remove all eleetrodes from the fore- 
arm. 

• If you wish to reeord from another subject, ehoose the 
Reeord from another subject option and return to step 5 
under Setting Up the Equipment. 

• If you are finished reeording, ehoose Analyze current 
data fíle and eliek OK. Proeeed to Data Analysis, step 2. 

Data Analysis 

1. If you are just starting the BIOPAC® program to perform 
data analysis, enter Review Saved Data mode and ehoose the 
file with the subject’s EMG data (for example, SmithEMG-1). 

2. Observe the Raw EMG reeording and computer- 
calculated Integrated EMG. The raw EMG is the actual 
reeording of the voltage (in mV) at eaeh instant in time, while 
the integrated EMG refleets the absolute intensity of the volt- 
age from baseline at eaeh instant in time. 


Figure 14.9 llsing the l-beam cursor to highlight a 
cluster of data for analysis. 


3. To analyze the data, set up the first four pairs of ehannel/ 
measurement boxes at the top of the sereen by seleeting the 
following ehannels and measurement types from the drop- 
down menus. 


ehannel 

Measurement 

Data 

CH 1 

min 

raw EMG 

CH 1 

max 

raw EMG 

CH 1 

p-p 

raw EMG 

CH 40 

mean 

integrated EMG 


4. Use the arrow cursor and eliek the I-beam cursor box at the 
lower right of the sereen to aetivate the “area seleetion” func- 
tion. Using the aetivated I-beam cursor, highlight the first EMG 
cluster, representing the first fist-elenehing (Figure 14.9). 

5. Notiee that the computer automatically calculates the 
min, max, p-p, and mean for the seleeted area. These mea- 
surements, calculated from the data by the computer, repre- 
sent the following: 

min: Displays the minimum value in the seleeted area 

max: Displays the maximum value in the seleeted area 

p-p (peak-to-peak): Measures the differenee in value be- 
tween the highest and lowest values in the seleeted area 

mean: Displays the average value in the seleeted area 

6. Write down the data for eleneh 1 in the ehart in step 7 
(round to the nearest 0.01 mV). 

7. Using the I-beam cursor, highlight the clusters for elenehes 
2, 3, and 4, and reeord the data in the following ehart. 

EMG Cluster Results 



Min 

Max 

P-P 

Mean 

Clench 1 





Clench 2 





Clench 3 





Clench 4 
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Exercise 14 


From the data reeorded in the ehart, what trend do you 
observe for eaeh of these measurements as the subject gradu- 
ally inereases the foree of muscle eontraetion? 


What is the relationship between maximum voltage for eaeh 
eleneh and the number of motor units in the forearm that are 
being aetivated? 


Part 2: Foree Measurement and Fatigue 

In this set of aetivities you will be observing graded muscle 
eontraetions and fatigue in a subject. Graded muscle eon- 
traetions, which represent inereasing levels of foree gener- 
ated by a muscle, depend upon: (1) the gradual aetivation of 
more motor units, and (2) inereasing the frequency of motor 
neuron aetion potentials for eaeh aetive motor unit. This per- 
mits a range of forees to be generated by any given muscle 
or group of muscles, all the way up to the maximum foree. 

For example, the bieeps muscle will have more aetive 
motor units and exert more foree when lifting a 10-kg objeet 
than when lifting a 2-kg objeet. In addition, the motor neuron 
of eaeh aetive motor unit will inerease the frequency of aetion 
potentials delivered to the motor units, resulting in tetanus. 
When all of the motor units of a muscle are aetivated and 


BIOPAC® MP45 unit 


BIOPAC® MP36/35 unit 



Headphones 



Hand dynamometer 


Fìgure 14.10 Setting up the BIOPAC® equipment to 
observe graded muscle eontraetions and muscle fatigue. 
Plug the headphones into the baek of the MP36/35 
data acquisition unit or into the top of the MP45 unit, 
the eleetrode lead set into ehannel 1, and the hand 
dynamometer into ehannel 2. Eleetrode leads and 
dynamometer are shovvn eonneeted to the MP36/35 unit. 


in a state of tetanus, the maximum foree of that muscle is 
aehieved. Reeall that fatigue is a eondition in which the muscle 
gradually loses some or all of its ability to eontraet after eon- 
traeting for an extended period of time. Reeent experimental 
evidenee suggests that this is mostly due to ionie imbalanees. 

In this exercise, you will observe and measure graded 
eontraetions of the fist, and then observe fatigue, in both 
the dominant and nondominant arms. To measure the foree 
generated during fist eontraetion, you will use a hand dyna- 
mometer ( dynamo = foree; meter = measure). The visual 
reeording of foree is ealled a dynagram, and the procedure of 
measuring the foree itself is ealled dynamometry. 

You will first reeord data from the subject’s dominant 
arm (forearm 1) indieated by his or her “handedness,” then 
repeat the procedures on the subject’s nondominant arm 
(forearm 2) for eomparison. 

Setting Llpthe Equipment 

1. Connect the BIOPAC® unit to the computer and turn the 
computer ON. 

2. Make sure the BIOPAC® unit is OFF. 

3. Plug in the equipment (as shown in Figure 14.10). 

• Eleetrode lead set—CH 1 

• Hand dynamometer—CH 2 

• Headphones—baek of MP36/35 unit or top of MP45 unit 

4. Turn the BIOPAC® unit ON. 

5. Attaeh three eleetrodes to the subject’s dominant forearm 
(forearm 1; see the attaehments in Figure 14.11), and attaeh 
the eleetrode leads aeeording to the eolors indieated. 

6. Start the BIOPAC® Student Lab program on the computer 
by double-clicking the ieon on the desktop or by following 
your instmetor’s guidance. 

7. Seleet lesson L02-EMG-2 from the menu and eliek OK. 

8. Type in a filename that will save this subject’s data on the 
computer hard drive. You may want to use subject’s last name 
followed by EMG-2 (for example, SmithEMG-2). Then eliek 

OK. 



VVhite lead 

H 


Blaek lead 
(ground) 


Figure 14.11 Plaeement of eleetrodes and the 
appropriate attaehment of eleetrode leads by eolor. 
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grip bar 



(a) Model SS25LA (b) Model SS56L 

Figure 14.12 Proper grasp of the hand dynamometer using either model SS25LA 
or model SS56L. 


Calibrating the Equipment 

1. With the hand dynamometer at rest on the table, eliek 
Calibrate. This initiates the proeess by which the computer 
automatically establishes parameters to reeord the data prop- 
erly for the subject. 

2. A pop-up window prompts the subject to remove any grip 
foree. This is to ensure that the dynamometer has been at rest 
on the table and that no foree is being applied. When this is 
so, eliek OK. 

3. As instmeted by the pop-up window, the subject is to 
grasp the hand dynamometer with the dominant hand. With 
model SS25LA, grasp the dynamometer with the palm of the 
hand against the short grip bar (as shown in Figure 14.12a). 
Hold model SS25LA vertieally. With model SS56L, wrap the 
hand around the bulb (as shown in Figure 14.12b). Do not 
curl the fingers into the bulb. (The older SS25L hand dyna- 
mometer may also be used with any of the data acquisition 
units.) Then, eliek OK. The instmetions that follow apply to 
this model of dynamometer. 

4. Tell the subject that the instmetions will be to wait 2 see- 
onds, then squeeze the hand dynamometer as hard as possible 
for 2 seeonds, and then relax. The computer will automati- 
eally stop the ealibration. 

5. When the subject is ready to proeeed, eliek OK and fol- 
low the instmetions in step 4, which are also in the pop-up 
window. The ealibration will stop automatically. 

6. Observe the reeording of the ealibration data, which 
should look like the waveforms in the ealibration example 

(Figure 14.13). 

• If the data look very different, eliek Redo Calibration 
and repeat the steps above. 

• If the data look similar, proeeed to the next seetion. 

Reeording ineremental Foree Data forthe Forearm 

1. Using the foree data from the ealibration procedure, esti- 
mate the maximum foree that the subj eet generated (kg). 

2. Divide that maximum foree by four. In the following steps, 
the subject will gradually inerease the foree in approximately 


these inerements. For example, if the maximum foree gener- 
ated was 20 kg, the inerement will be 20/4 = 5 kg. The subject 
will grip at 5 kg, then 10 kg, then 15 kg, and then 20 kg. The 
subject should watch the traeing on the computer sereen and 
eompare it to the seale on the right to determine eaeh target 
foree. Click Continue. 

3. After you eliek Reeord, have the subject wait 2 seeonds, 
eleneh at the first foree inerement 2 seeonds (for example, 
5 kg), then relax 2 seeonds, eleneh at the seeond foree inere- 
ment 2 seeonds (10 kg), then relax 2 seeonds, eleneh at the 
third foree inerement 2 seeonds (15 kg), then relax 2 seeonds, 
then eleneh with the maximum foree 2 seeonds (20 kg), 
and then relax. When the subject relaxes after the maximum 
eleneh, eliek Suspend to stop the reeording. 

4. Observe the reeording of the data, which should look 
similar to the data in the example (Figure 14.14). 

• If the data look very different, eliek Redo and repeat the 
steps above. 

• If the data look similar, eliek Continue and proeeed to 
observation and reeording of muscle fatigue. 



Figure 14.13 Example of ealibration data. Foree 
is measured in kilograms or kgf/m 2 at the top and 
eleetromyography is measured in millivolts at the bottom. 
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Exercise 14 



Figure 14.14 Example of ineremental foree data. 


Reeording Muscle Fatigue Data for the Forearm 

Continuing from the end of the ineremental foree reeording, 
the subject will next reeord muscle fatigue. 

1 . After you eliek Resume, the reeording will continue from 
where it stopped and the subject will eleneh the dynamom- 
eter with maximum foree for as long as possible. A “marker” 
will appear at the top of the data, denoting the beginning of 
this reeording segment. When the subject’s eleneh foree falls 
below 50% of the maximum (for example, below 10 kg for 
a subject with 20 kg maximum foree), eliek Suspend. The 
subject should not watch the sereen during this procedure; 
those helping ean inform the subject when it is time to relax. 

2. Observe the reeording of the data, which should look similar 
to the data in the muscle fatigue data example (Figure 14.15). 

• If the data look very different, eliek Redo and repeat the 
steps above. 

• If the data look similar, and you want to reeord from the 
nondominant arm, eliek Continue and proeeed to Re- 
eording from the Nondominant Arm. 

• If the data look similar, and you do not want to reeord from 
the nondominant arm or you have just finished reeording 
the nondominant arm, eliek STOP. A dialog box eomes 
up asking if you are sure you want to stop reeording. Click 
NO to return to the Resume or Stop options, providing 
one last ehanee to redo the fatigue reeording. Click YES 
to end the reeording session and automatically save your 
data. 



Optional: Anyone ean use the headphones to listen to an 
“auditory version” of the eleetrieal aetivity of eontraetion by 
elieking Listen and having the subject eleneh and relax. Note 
that the frequency of the auditory signal eorresponds to the 
frequency of aetion potentials stimulating the muscles. The 
signal will continue to run until you eliek STOP. 

3. Click Done. Choose Analyze current data fíle and pro- 
eeed to Data Analysis, step 2. 

4. Remove all eleetrodes from the arm of the subject. 

Reeording from the Nondominant Arm 

1. To reeord from the nondominant forearm, attaeh three 
eleetrodes to the subject’s forearm (as shown in Figure 14.11) 
and attaeh the eleetrode leads aeeording to the eolors 
indieated. 

2. Click Resume. Repeat the Clench-Release-Wait eyeles 
with inereasing eleneh foree as performed with the dominant 
arm. 

3. Observe the reeording of the data, which should look 
similar to the data in the muscle fatigue data example 
(Figure 14.15). If the data look very different, eliek Redo 
and repeat. 

4. End the session by repeating the steps for muscle fatigue. 
Click Continue and repeat steps 1 and 2 of the muscle fatigue 
seetion, reeording the nondominant arm. 

Data Analysis 

1. In Review Saved Data mode, seleet the file that is to be 
analyzed (for example, SmithEMG-2-l-L02). 

ry 

2. Observe the reeordings of the eleneh Foree (kg or kgf/m ), 
Raw EMG (mV), and computer-calculated Integrated 
EMG (mV). The foree is the actual measurement of the 
strength of eleneh in kilograms at eaeh instant in time. The 
raw EMG is the actual reeording of the voltage (in mV) 
at eaeh instant in time, and the integrated EMG indieates 
the absolute intensity of the voltage from baseline at eaeh 
instant in time. 


3. To analyze the data, set up the first three pairs of ehannel/ 
measurement boxes at the top of the sereen. Seleet the follow- 
ing ehannels and measurement types: 


ehannel 

Measurement 

Data 

CH 41 

mean 

eleneh foree 

CH 40 

mean 

integrated EMG 


4. Use the arrow cursor and eliek the I-beam cursor box on 
the lower right side of the sereen to aetivate the “area seleetion” 
function. Using the aetivated I-beam cursor, highlight the “pla- 
teau phase” of the first eleneh cluster. The plateau should be a 
relatively flat foree in the middle of the cluster (Figure 14.16). 

5. Observe that the computer automatically calculates the 
p-p and mean values for the seleeted area. These measure- 
ments, calculated from the data by the computer, represent 
the following: 

p-p (peak-to-peak): Measures the differenee in value between 
the highest and lowest values in the seleeted area 

mean: Displays the average value in the seleeted area 


Figure 14.15 Example of musde fatigue data. 
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Figure 14.16 Highlighting the "plateau" of eleneh 
cluster 1. 


6. In the ehart in step 7, reeord the data for eleneh 1 (for 
example, 5-kg eleneh) to the nearest 0.01. 

7. Using the I-beam cursor, highlight the clusters for the 
subsequent elenehes and reeord the data in the ehart. 


Dominant Forearm Clench inerements 



Foree at plateau 
Mean (kg 
or kgf/m 2 ) 

Integrated EMG 
Mean (mV-see) 

Clench 1 



Clench 2 



Clench 3 



Clench 4 




8. Seroll along the bottom of the data page to the segment 
that includes the reeording of muscle fatigue (it should begin 
after the “marker” that appears at the top of the data). 

9. Change the channel/measurement boxes so that the first 
two seleeted appear as follows (the third should be set to 
“none”): 


ehannel 

Measurement 

data 

CH 41 

value 

foree 

CH 40 

delta T 

integrated EMG 


value: Measures the highest value in the seleeted area (Foree 
measured in kg with SS25LA or kgf/m 2 with the SS56L.) 

delta T: Measures the time elapsed in the seleeted area (Time 
measured in seeonds.) 

10. Use the arrow cursor and eliek on the I-beam cursor box 
on the lower right side of the sereen to aetivate the “area selee- 
tion” function. 

11. Using the aetivated I-beam cursor, seleet just the single 
point of maximum eleneh strength at the start of this data 
segment (as shown in Figure 14.17). 

12. In the following ehart, note the maximum foree measure- 
ment for this point. 



Figure 14.17 Seleetion of single point of maxímum 
eleneh. 


Dominant Forearm Fatigue Measurement 

Maximum 
eleneh foree 
(kg or kgf/m 2 ) 

50% of the maximum 
eleneh foree 
(divide maximum 
deneh foree by 2) 

Time to 
fatigue 
(seeonds) 





13. Calculate the value of 50% of the maximum eleneh foree, 
and reeord this in the data ehart. 

14. Using a metrie tape measure, measure the circumference 
of the subject’s dominant forearm at its greatest diameter: 

_em 

15. Measure the amount of time that elapsed between the 
initial maximum foree and the point at which the subject 
fatigued to 50% of this level. Using the aetivated I-beam 
cursor, highlight the area from the point of 50% eleneh foree 
baek to the point of maximal eleneh foree, as shown in the 
example (Figure 14.18). 

16. Note the time it took the subject to reaeh this point of 
fatigue (CH 40 delta T) and reeord this data in the Dominant 
Forearm Fatigue Measurement ehart. 



Figure 14.18 Highlighting to measure elapsed time to 
50% of the maximum deneh foree. 
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Exercise 14 


Repeat Data Analysis for the Nondominant Forearm 

1. Return to step 1 of the Data Analysis seetion and repeat 
the same measurements for the nondominant forearm (fore- 
arm 2). 

2. Reeord your data in the two eharts that follow; these data 
will be used for eomparison. 

3. Using a tape measure, measure the circumference of the 
subject’s nondominant forearm at its greatest: 

_em 

4. When finished, exit the program by going to the File 
menu at the top of the sereen and elieking Quit. 

Is there a differenee in maximal foree that was generated 
between the dominant and nondominant forearms? If so, how 
much? 


Calculate the pereentage differenee in foree between the 
dominant maximal foree and nondominant maximal foree. 


Nondominant Forearm Fatigue Measurement 

Maximum 

Clench Foree 
(kg or kgf/m 2 ) 

50% of the maximum 
eleneh foree 
(divide maximum 
deneh foree by 2) 

Time to 
fatigue 
(seeonds) 





Is there a differenee in the circumference between the domi- 
nant and nondominant forearms? If so, how much? 


If there is a differenee in circumference, is this differenee 
likely to be due to a differenee in the number of muscle fibers 
in eaeh forearm or in the diameter of eaeh muscle fiber in the 
forearms? Explain. Use an appropriate referenee if needed. 


Compare the time to fatigue between the two forearms. 



Nondominant Forearm Clench inerements 



Foree at plateau 
Mean (kg 
or kgf/m 2 ) 

Integrated EMG 
Mean (mV-see) 

Clench 1 



Clench 2 



Clench 3 



Clench 4 





























Name_ 

Lab Time/Date 



Miisele Aetivity 

1. The following group of ineomplete statements begins with a muscle eell in the resting state just before stimulation. 
Complete eaeh statement by ehoosing the eorreet response from the key items. 


Key: a. Na + diffuses out of the eell 

b. K + diffuses out of the eell 
e. Na + diffuses into the eell 

d. K + diffuses into the eell 

e. inside the eell 

f. outside the eell 


g. relative ionie eoneentrations on the two sides of the 
membrane 

h. eleetrieal eonditions 

i. aetivation of the sodium-potassium pump, which 
moves K + into the eell and Na + out of the eell 

j. aetivation of the sodium-potassium pump, which 
moves Na + into the eell and K + out of the eell 


There is a greater eoneentration of Na + 


; there is a greater eoneentration of K + 






When the stimulus is delivered, the permeability of the membrane at that point is ehanged; and 


, initiating 


the depolarization of the membrane. Almost as soon as the depolarization wave has begun, a repolarization wave follows it 


aeross the membrane. This occurs as 


. Repolarization restores the 


of the resting eell 


membrane. The_is (are) reestablished by_ 

2. Number the following statements in the proper sequence to deseribe the eontraetion meehanism in a skeletal muscle eell. 
Number 1 has already been designated. 

_ \ _Depolarization occurs, and the aetion potential is generated. 


The muscle eell relaxes and lengthens. 


The calcium ion eoneentrations at the myofilaments inerease; the myofilaments slide past one 
another, and the eell shortens. 


_The aetion potential, earried deep into the eell by the T tubules, triggers the release of calcium ions 

from the sareoplasmie reticulum. 

_The eoneentration of the calcium ions at the myofilaments deereases as they are aetively transported 

into the sareoplasmie reticulum. 

3. Refer to your observations of muscle fiber eontraetion in Aetivity 1 to answer the following questions. 

a. Did your data support your hypothesis?_ 

b. Explain your observations fully._ 
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c. Draw a relaxed and a eontraeted sareomere below. 


Relaxed 


Contracted 


indiietion of Contraction in the Frog Gastroenemiiis Muscle 


4. Why is it important to destroy the brain and spinal eord of a frog before conducting physiologieal experiments on muscle 


eontraetion? 


5. What kind of stimulus (eleetrieal or ehemieal) travels from the motor neuron to skeletal muscle? _ 

What kind of stimulus (eleetrieal or ehemieal) travels from the axon terminal to the sareolemma?_ 

6 . Give the name and duration of eaeh of the three phases of the muscle twitch, and deseribe what is happening during eaeh 
phase. 

a. _,_msee,_ 


b. _,_msee, 

e. _,_msee, 

7. Use the items in the key to identify the eonditions deseribed. 
Key: 

a. 

b. 

e. 


inereasingly stronger eontraetions 
owing to stimulation at a rapid rate 

inereasingly stronger eontraetions 
owing to inereased stimulus strength 

weakest stimulus at which all muscle 
eells in the muscle are eontraeting 


1. sustained eontraetion without -4. 

any evidenee of relaxation 

2. stimulus that results in no -5. 

pereeptible eontraetion 

3. stimulus at which the muscle -6. 

first eontraets pereeptibly 


maximal stimulus 

multiple motor unit summation 

subthreshold stimulus 


d. tetanus 

e. threshold stimulus 

f. wave summation 
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8. Complete the following statements by writing the appropriate words on the eorresponding numbered blanks at the right. 

When a weak but smooth muscle eontraetion is desired, a few 1 • - 

motor units are stimulated at a 1 rate. Within limits, as the load on 

a muscle is inereased, the muscle eontraets 2 (more/less) strongly. 2. _ 

9. During the frog experiment on muscle fatigue, how did the muscle eontraetion pattern ehange as the muscle began to fatigue? 


How long was stimulation continued before fatigue was apparent?_ 

If the seiatie nerve that stimulates the living frog’s gastrocnemius muscle had been left attaehed to the muscle and the stimulus 
had been applied to the nerve rather than the muscle, would fatigue have beeome apparent sooner, later, or at the same time? 


10. What will happen to a muscle in the body when its nerve supply is destroyed or badly damaged? 


11. Explain the relationship between the load on a muscle and its strength of eontraetion. 


12. The skeletal muscles are maintained in a slightly stretehed eondition for optimal eontraetion. How is this aeeomplished? 


Why does stretehing a muscle beyond its optimal length reduce its ability to eontraet? (Include an explanation of the events 


at the level of the myofilaments.) 


13. If the length but not the tension of a muscle is ehanged, the eontraetion is ealled an isotonie eontraetion. In an isometrie 
eontraetion, the tension is inereased but the muscle does not shorten. Which type of eontraetion did you observe most often 


during the laboratory experiments? 




















Revievv Sheet 14 


Eleetromyography in a Hiiman Subject Llsing BIOPAC® 

14. If you were a physieal therapist applying a eonstant voltage to the forearm, what might you observe if you gradually inereased 
th zfrequency of stimulatory impulses, keeping the voltage eonstant eaeh time? 


15. Deseribe what is meant by the term motor unit reemitment. 


16. Deseribe the physiologieal proeesses occurring in the muscle eells that account for the gradual onset of muscle fatigue. 


17. Most subjects use their dominant forearm far more than their nondominant forearm. What does this indieate about degree of 
aetivation of motor units and these faetors: muscle fiber diameter, maximum muscle fiber foree, and time to muscle fatigue? 
(You may need to use your textbook for help with this one.) 


18. Define dynamometry. 


19. How might dynamometry be used to assess patients in a elinieal setting? 


















Histology of Nervous Tissue 


MATERIALS 


OBJBGTIVES 


□ Model of a "typieal" neuron 
(if available) 

□ Compound mieroseope 

□ Immersion oil 

□ Prepared slides of an ox spinal eord 
smear and teased myelinated nerve 
fibers 

□ Prepared slides of Purkinje eells 
(cerebellum), pyramidal eells 
(cerebrum), and a dorsal root ganglion 

□ Prepared slide of a nerve (x.s.) 


1. Discuss the functional differenees betvveen neurons and neuroglia. 

2. List six types of neuroglia and indieate vvhere eaeh is found in the 
nervous system. 

3. Identify the important anatomieal features of a neuron on an 
appropriate image. 

4. List the functions of dendrites, axons, and axon terminals. 

5. Explain hovv a nerve impulse is transmitted from one neuron to another. 

6. State the function of myelin sheaths and explain hovv Sehvvann eells 
myelinate axons in the peripheral nervous system. 

7. eiassify neurons structurally and functionally. 

8. Differentiate betvveen a nerve and a traet, and betvveen a ganglion and a 
CNS nucleus. 

9. Define nerve. 

10. Identify endoneurium, perineurium, and epineurium mieroseopieally or in 
an appropriate image and eite their functions. 


PRE-LAB Q U I Z 


M 



MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P 
There you vvill find: 

• Praetiee Anatomy Lab PAL 


PhysioEx 


PEx 


V" 


A&PFIix A&PFIix 

Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 
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1. Circle the eorreet underlined term. Nervous tissue is made up of tvvo / three 
main eell types. 

2. Neuroglia of the peripheral nervous system include 

a. ependymal eells and satellite eells 

b. oligodendroeytes and astroeytes 
e. satellite eells and Sehvvann eells 

3. _are the functional units of nervous tissue. 

4. These branehing neuron proeesses serve as reeeptive regions and transmit 
eleetrieal signals tovvard the eell body. They are: 

a. axons e. dendrites 

b. eollaterals d. neuroglia 

5. Circle True or False. Axons are the neuron proeesses that generate and 
conduct nerve impulses. 

6. Most axons are eovered vvith a fatty material ealled_, 

vvhieh insulates the fibers and inereases the speed of neurotransmission. 

7. Circle the eorreet underlined term. Neuron fibers (axons) running through 
the eentral nervous system form traets / nerves of vvhite matter. 

8. Neurons ean be elassified aeeording to structure._neurons 

have many proeesses that issue from the eell body. 

a. Bipolar b. Multipolar e. Llnipolar 

9. Circle the eorreet underlined term. Neurons ean be elassified aeeording to 
function. Afferent / Efferent or motor neurons earry eleetrieal signals from 
the eentral nervous system primarily to rrmseles or glands. 

10. VVithin a nerve, eaeh axon is surrounded by a eovering ealled the: 
a. endoneurium b. epineurium e. perineurium 























254 


Exercise 15 


T he nervous system is the master integrating and eoor- 

dinating system, continuously monitoring and pro- 
eessing sensory information both from the external 
environment and from within the body. Every thought, aetion, 
and sensation is a refleetion of its aetivity. Like a computer, it 
proeesses and integrates new “inputs” with information previ- 
ously fed into it to produce an appropriate response. However, 
no computer ean possibly eompare in complexity and seope 
to the human nervous system. 

Two primary divisions make up the nervous system: 
the eentral nervous system, or CNS, eonsisting of the brain 
and spinal eord, and the peripheral nervous system, or PNS, 
which includes all the nervous elements loeated outside the 
eentral nervous system. PNS structures include nerves, sen- 
sory reeeptors, and some clusters of nerve eells. 

Despite its complexity, nervous tissue is made up of just 
two prineipal eell types; neurons and neuroglia. 

Neuroglia 

The neuroglia (“nerve glue”) or glial eells of the CNS include 
astroeytes, oligodendroeytes, mieroglial eells, and ependymal 
eells (Figure 15.1). The neuroglia found in the PNS include 
Schwann eells, also ealled neurolemmocytes, and satellite 
eells. 

Neuroglia serve the needs of the delieate neurons by brae- 
ing and proteeting them. In addition, they aet as phagoeytes 
(mieroglial eells), myelinate the eytoplasmie extensions of 
the neurons (oligodendroeytes and Schwann eells), play a 
role in capillary-neuron exchanges, and eontrol the ehemieal 
environment around neurons (astroeytes). Although neuroglia 
resemble neurons in some ways (they have fibrous cellular 
extensions), they are not eapable of generating and transmitting 
nerve impulses, a eapability that is highly developed in neu- 
rons. Our focus in this exercise is the highly excitable neurons. 

Neurons 



Neuron 


Astroeyte 


(a) Astroeytes are the most abundant CNS neuroglia. 



Neuron 


Mieroglial 

eell 


(b) Mieroglial eells are defensive eells in the CNS. 



Cilia 

Ependymal 

eells 

Brain or 
spinal eord 
tissue 


(e) Ependymal eells line eerebrospinal fluid—filled eavities. 


Neurons, or nerve eells, are the basie fimetional units of 
nervous tissue. They are highly speeialized to transmit mes- 
sages from one part of the body to another in the form of 
nerve impulses. Although neurons differ structurally, they 
have many identifiable features in eommon (Figure 15.2a 
and b). All have a eell body from which slender proeesses 
extend. The eell body is both the biosynthetie eenter of the 
neuron and part of its reeeptive region. Neuron eell bodies 
make up the gray matter of the CNS, and form clusters there 
that are ealled nuclei. In the PNS, clusters of neuron eell bod- 
ies are ealled ganglia. 

The neuron eell body eontains a large round nucleus 
surrounded by eytoplasm. Two prominent structures are 
found in the eytoplasm: One is eytoskeletal elements ealled 
neurofibrils, which provide support for the eell and a means 


Figure 15.1 Neuroglia. (a-d) The four types of neuroglia 
in the eentral nervous system. (e) Neuroglia of the 
peripheral nervous system. 


Myelin sheath 



Proeess of 
oligodendroeyte 


Nerve 

fibers 


(d) Oligodendroeytes have proeesses that form myelin 
sheaths around CNS nerve fibers. 



Satellite 

eells 


Cell body of neuron 


Schwann eells 
(forming myelin sheath) 


(e) Satellite eells and Schwann eells (which form myelin) 
surround neurons in the PNS. 
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Dendrites 

(reeeptive 

regions) 


Cell body 

(biosynthetie eenter 
and reeeptive region) 



Nucleus 


Nucleolus 


Initial segment 


Axon 


Nucleus of 
neuroglial eell 

Neurofibril 


Nucleus 


Nucleolus 

Dendrites 


Chromatophilic 

substance 



(b) 


Chromatophilic 
substance (rough 
endoplasmie 
reticulum) 


(impulse-generating 
and -conducting region) 


lmpulse 

direetion 


i 


Myelin sheath gap 
(node of Ranvier) 


Axon hilloek 



Schwann eell 


(a) 


Terminal branehes 



Axon terminals 

(seeretory 

region) 



Axon 

terminal 


Synaptie 

vesieles 


m / Presynaptie 
, neuron 

f 


Direetion of 
aetion potential 


Mitoehondrion 


Synaptie eleft 


Postsynaptie 


neuron 



Figure 15.2 Structure of a typieal motor neuron. (a) Diagram. 
(b) Photomierograph (450x). (e) Enlarged diagram of a synapse. 



























256 


Exercise 15 


Sehvvann 
eell plasma 
membrane 

Sehvvann eell 
eytoplasm 


Axon 



® A Sehvvann eell 
envelops an axon. 


Sehvvann eell 
nucleus 



(2}lhe Sehvvann eell 


then rotates around 
the axon, vvrapping 
its plasma membrane 
loosely around it in 
successive layers. 



Sehvvann eell eytoplasm 


(3)lhe Sehvvann eell 


(a) 


eytoplasm is foreed 
from betvveen the 
membranes. The tight 
membrane vvrappings 
surrounding the axon 
form the myelin 
sheath. 


Myelin 

sheath 


Outer eollar 
of perinuclear 
eytoplasm 
(of Sehvvann 


ee 



mm 



(b) 


Figure 15.3 Myelination of a nerve fiber (axon) by 
Schwann eells. (a) Nerve fiber myelination. (b) Eleetron 
mierograph of eross seetion through a myelinated 
axon (7500x). 


to transport substances throughout the neuron. The seeond is 
darkly staining structures ealled ehromatophilie substance 
(also known as Nissl bodies), an elaborate type of rough 
endoplasmie reticulum involved in the metabolie aetivities 
of the eell. 

Neurons have two types of proeesses. Dendrites are 
reeeptive regions that bear reeeptors for neurotransmitters 
released by the axon terminals of other neurons. Axons, also 
ealled nervefibers, form the impulse generating and conduct- 
ing region of the neuron. The white matter of the nervous 
system is made up of axons. In the CNS, bundles of axons 
are ealled traets; in the PNS, bundles of axons are ealled 
nerves. Neurons may have many dendrites, but they have 
only a single axon. The axon may braneh, forming one or 
more proeesses ealled axon eollaterals. 

In general, a neuron is excited by other neurons when 
their axons release neurotransmitters elose to its dendrites 
or eell body. The eleetrieal signal produced travels aeross 
the eell body and if it is great enough, it elieits a regenera- 
tive eleetrieal signal, an impulse or aetion potential, that 
travels down the axon. The axon in motor neurons begins 
just distal to a slightly enlarged eell body structure ealled 
the axon hilloek (Figure 15.2a). The point at which the 
axon hilloek narrows to axon diameter is referred to as the 
initial segment. The axon ends in many small structures 
ealled axon terminals, or terminal boutons, which form 
synapses with neurons or effeetor eells. These terminals 
store the neurotransmitter ehemieal in tiny vesieles. Eaeh 
axon terminal of the presynaptie neuron is separated from 
the eell body or dendrites of the next, or postsynaptie, neu- 
ron by a tiny gap ealled the synaptie eleft (Figure 15.2c). 
Thus, although they are elose, there is no actual physieal 
eontaet between neurons. When an aetion potential reaehes 
the axon terminals, some of the synaptie vesieles rupture 
and release neurotransmitter into the synaptie eleft. The 
neurotransmitter then diffuses aeross the synaptie eleft to 
bind to membrane reeeptors on the postsynaptie neuron, 
initiating an eleetrieal current or synaptie potential. Spe- 
eialized synapses between neurons and skeletal muscles 
are ealled neuromuscular junctions. (They are discussed in 
Exercise 12.) 

Most long nerve fibers are eovered with a fatty material 
ealled myelin, and such fibers are referred to as myelin- 
ated fibers. Axons in the peripheral nervous system are typi- 
eally heavily myelinated by speeial supporting eells ealled 
Schwann eells, which wrap themselves tightly around the 
axon in jelly roll fashion (Figure 15.3). During the wrapping 
proeess, the eytoplasm is squeezed from between adjaeent 
layers of the Schwann eell membranes, so that when the pro- 
eess is eompleted a tight eore of plasma membrane (protein- 
lipid material) eneompasses the axon. This wrapping is the 
myelin sheath. The Schwann eell nucleus and the bulk of its 
eytoplasm end up just beneath the outermost portion of its 
plasma membrane. This peripheral part of the Schwann eell 
and its exposed plasma membrane is referred to as the outer 
eollar of perimielear eytoplasm (Figure 15.3). Sinee the 
myelin sheath is formed by many individual Schwann eells, 
it is a discontinuous sheath. The gaps or indentations in the 
sheath are ealled myelin sheath gaps or nodes of Ranvier 
(see Figure 15.2a). 

Within the CNS, myelination is aeeomplished by neu- 
roglia ealled oligodendroeytes (see Figure 15.ld). Because 
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of its ehemieal eomposition, myelin eleetrieally insulates the 
fibers and greatly inereases the transmission speed of nerve 
impulses. 


AOTIVITY 1 


Identifying Parts of a Neuron 

1. Study the illustration of a typieal motor neuron (Figure 
15.2), noting the structural details deseribed above, and then 
identify these structures on a neuron model. 

2. Obtain a prepared slide of the ox spinal eord smear, which 
has large, easily identifiable neurons. Study one representa- 
tive neuron under oil immersion and identify the eell body; 
the nucleus; the large, prominent “owrs eye” nucleolus; and 
the granular ehromatophilie substance. If possible, distin- 
guish the axon from the many dendrites. 

Sketeh the eell in the spaee provided below, and label the 
important anatomieal details you have observed. (Oompare 
your sketeh to Figure 15.2b.) 



Myelin 
sheath gap 

Axon 

Myelin 


Schwann 
eell nucleus 


3. Obtain a prepared slide of teased myelinated nerve fibers. 
Identify the following (use Fígure 15.4 as a guide): myelin 
sheath gaps, axon, Schwann eell nuclei, and myelin sheath. 

Sketeh a portion of a myelinated nerve fiber in the spaee 
provided below, illustrating a myelin sheath gap. Label the 
axon, myelin sheath, myelin sheath gap, and the outer eollar 
of perinuclear eytoplasm. 


Do the gaps seem to occur at eonsistent intervals, or are they 


Figure 15.4 Photomierograph of a small portion of a 
peripheral nerve in longitudinal seetion (400x). 

Neuron Gassifieation I 


Neurons may be elassified on the basis of structure or of 
function. 



eiassifieation by Structure 

Structurally, neurons may be differentiated by the number 
of proeesses attaehed to the eell body (Figure 15.5a). In 
imipolar neurons, one very short proeess, which divides 
into peripheral and eentral proeesses, extends from the eell 
body. Functionally, only the most distal parts of the periph- 
eral proeess aet as reeeptive endings; the rest aets as an axon 
along with the eentral proeess. Unipolar neurons are more 
accurately ealled pseudounipolar neurons because they are 
derived from bipolar neurons. Nearly all neurons that conduct 
impulses toward the CNS are unipolar. 

Bipolar neurons have two proeesses attaehed to the eell 
body. This neuron type is quite rare, typieally found only as 
part of the reeeptor apparatus of the eye, ear, and olfaetory 
mucosa. 

Many proeesses issue from the eell body of nmltipolar 
neurons, all elassified as dendrites except for a single axon. 
Most neurons in the brain and spinal eord and those whose 
axons earry impulses away from the CNS fall into this last 
eategory. 



irregularly distributed?_ 

Explain the functional signifieanee of this finding: 



A C T I V I T Y 2 


Studying the Mieroseopie Structure 
of Seleeted Neurons 

Obtain prepared slides of pyramidal eells of the eerebral cortex, 
Purkinje eells of the eerebellar cortex, and a dorsal root gan- 
glion. As you observe them under the mieroseope, try to piek 
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Exercise 15 


Multipolar 


Cell body 



Dendrites Axon 



Multipolar 



Dendrites 


Cell body 



Purkinje eell of 

cerebellum Pyramidal eell 



Bipolar 


llnipolar (pseudounipolar) 


Cell body 



Dendrite Axon 


Peripheral Cell body Central 


proeess 


proeess 




Reeeptive Axon 
endings 


Bipolar 



Llnipolar 



Olfaetory eell 


Retinal eell 


Dorsal root ganglion eell 


Figure 15.5 Classification of neurons aeeording to structure. (a) Classification of 
neurons based on structure (number of proeesses extending from the eell body). 
(b) Structural variations vvithin the elasses. 


out the anatomieal details (eompare the eells to Figure 15.5b 
and Figure 15.6). Notiee that the neurons of the eerebral and 
eerebellar tissues (both brain tissues) are extensively branehed; 
in eontrast, the neurons of the dorsal root ganglion are more 
rounded. The many small nuclei visible surrounding the neu- 
rons are those of bordering neuroglia. 

Which of these neuron types would be elassified as multipolar 
neurons? 


Which as iinipolar?_ ■ 

eiassifieation by Function 

In general, neurons earrying impulses from sensory reeeptors 
in the internal organs (viseera), the skin, skeletal muscles, 
joints, or speeial sensory organs are termed sensory, or affer- 
ent, neurons (Figure 15.7). The reeeptive endings of sen- 
sory neurons are often equipped with speeialized reeeptors 
that are stimulated by speeifie ehanges in their immediate 
environment. (The structure and function of these reeeptors 
are eonsidered separately in Exercise 22, General Sensation.) 
The eell bodies of sensory neurons are always found in a 
ganglion outside the CNS, and these neurons are typieally 
unipolar. 


Neurons earrying impulses from the CNS to the vis- 
eera and/or body muscles and glands are termed motor, 
or efferent, neurons. Motor neurons are most often mul- 
tipolar, and their eell bodies are almost always loeated in 
the CNS. 

The third functional eategory of neurons is interneurons 
or assoeiation neurons, which are situated between and eon- 
tribute to pathways that eonneet sensory and motor neurons. 
Their eell bodies are always loeated within the CNS, and they 
are multipolar neurons structurally. 

Structure of a Nerve 

A nerve is a bundle of axons found in the PNS. Wrapped in 
eonneetive tissue eoverings, nerves extend to and/or from the 
CNS and viseeral organs or structures of the body periphery 
such as skeletal muscles, glands, and skin. 

Like neurons, nerves are elassified aeeording to the 
direetion in which they transmit impulses. Sensory (affer- 
ent) nerves conduct impulses only toward the CNS. A few of 
the eranial nerves are pure sensory nerves. Motor (efferent) 
nerves earry impulses only away from the CNS. The ventral 
roots of the spinal eord are motor nerves. Nerves earrying 
both sensory (afferent) and motor (efferent) fibers are ealled 
mixed nerves; most nerves of the body, including all spinal 
nerves, are mixed nerves. 























Dendrites 


Cell body 



Figure 15.6 Photomierographs of neurons. 

(a) Pyramidal neuron from the eerebral cortex (600x). 

(b) Purkinje eell from the eerebellar cortex (600x). 

(e) Dorsal root ganglion eells (245x). 



Dendrites 


Cell body 




Nerve 

fibers 


Satellite 

eells 


Cell bodies 



Peripheral 
proeess (axon) 


Ganglion 


Cell body 


Reeeptive 

endings 


White 

matter 



(muscles) 





Figure 15.7 eiassifieation of neurons on the basis of function. Sensory (afferent) 
neurons conduct impulses from the body f s sensory reeeptors to the eentral nervous 
system; most are unipolar neurons with their nerve eell bodies in ganglia in the 
peripheral nervous system (PNS). Motor (efferent) neurons transmit ímpulses 
from the CNS to effeetors (muscles). lnterneurons (assoeiation neurons) eomplete 
the communication line between sensory and motor neurons. They are typieally 
multipolar # and their eell bodies reside in the CNS. 
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Exercise 15 


Axon 


Myelin sheath 


Endoneurium 



Perineurium 


M* 1 


7 • 




y jf 


1 y ■'T 

r--~ j 


Epineurium 


Faseiele 


\ 


-Blood 
vessels 




(a) 


Myelin sheath 

Nonmyelinated 

axon 


Endoneurium 


Heavily 
myelinated 
axons 


Perineurium 


Epineurium 



(b) 


Within a nerve, eaeh axon is surrounded by a delieate 
eonneetive tissue sheath ealled an endoneurium, which insu- 
lates it from the other neuron proeesses adjaeent to it. The 
endoneurium is often mistaken for the myelin sheath; it is 
instead an additional sheath that surrounds the myelin sheath. 
Groups of axons are bound by a eoarser eonneetive tissue, 
ealled the perineurium, to form bundles of fibers ealled fas- 
eieles. Finally, all the faseieles are bound together by a white, 
fibrous eonneetive tissue sheath ealled the epineurium, form- 
ing the eordlike nerve (Figure 15.8). In addition to the eon- 
neetive tissue wrappings, blood vessels and lymphatie vessels 
serving the fibers also travel within a nerve. 


A C T I V I T Y 3 


Examining the Mieroseopie Structure 
of a Nerve 

Use the compound mieroseope to examine a prepared eross 
seetion of a peripheral nerve. Using the photomierograph 
(Figure 15.8b) as an aid, identify axons, myelin sheaths, fasei- 
eles, and endoneurium, perineurium, and epineurium sheaths. 
If desired, sketeh the nerve in the spaee below. 1M 


Figure 15.8 Structure of a nerve showing eonneetive 
tissue wrappings. (a) Three-dimensional view of a 
portion of a nerve. (b) Photomierograph of a eross- 
seetional view of part of a peripheral nerve ( 510 x). 

























Name_ 

Lab Time/Date 



1. The basie fimetional unit of the nervous system is the neuron. What is the major function of this eell type? 





2. Name four types of neuroglia in the CNS, and list a function for eaeh of these eells. (You will need to consult your text- 
book for this.) 

Types Functions 

a. _ a. 









Name the PNS neuroglial eell that forms myelin._ 

Name the PNS neuroglial eell that surrounds dorsal root ganglion neurons. 


3. Mateh eaeh deseription with a term from the key. 

Key: a. afferent neuron e. interneuron 

b. eentral nervous system f. neuroglia 

e. efferent neuron g. neurotransmitters 

d. ganglion h. nerve 


i. nuclei 

j. peripheral nervous system 

k. synapse 

l. traet 


1. the brain and spinal eord eolleetively 


2. speeialized supporting eells in the CNS 


3. junction or point of elose eontaet between neurons 


4. a bundle of axons inside the CNS 


5. neuron serving as part of the conduction pathway between sensory and motor neurons 

6. ganglia and spinal and eranial nerves 

7. eolleetion of nerve eell bodies found outside the CNS 


8. neuron that conducts impulses away from the CNS to muscles and glands 
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Revievv Sheet 15 


9. neuron that conducts impulses toward the CNS from the body periphery 


10. ehemieals released by neurons that stimulate or inhibit other neurons or effeetors 


Neiiron Anatomy 


4. Mateh the following anatomieal terms (column B) with the appropriate deseription or function (column A) 


Column A 


1. region of the eell body from which the axon originates 


Column B 


a. axon 


2. seeretes neurotransmitters 


b. axon terminal 


3. reeeptive region of a neuron 


e. axon hilloek 


4. insulates the nerve fibers 


d. ehromatophilie substance 


5. site of the nucleus and most important metabolie area 


e. dendrite 


6. involved in the transport of substances within the neuron 


f. myelin sheath 


7. essentially rough endoplasmie reticulum, important metabolieally 


g. neurofibril 


8. impulse generator and transmitter 


h. neuronal eell body 


5. Draw a “typieal” multipolar neuron in the spaee below. Include and label the following structures on your diagram: eell body, 
nucleus, nucleolus, ehromatophilie substance, dendrites, axon, axon eollateral braneh, myelin sheath, myelin sheath gaps, 
axon terminals, and neurofibrils. 


6 . What substance is found in synaptie vesieles of the axon terminal? 


What role does this substance play in neurotransmission? 
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7. What anatomieal eharaeteristie determines whether a particular neuron is elassified as unipolar, bipolar, or multipolar? 


Make a simple line drawing of eaeh type here. 


llnipolar neuron Bipolar neuron Multipolar neuron 

8. Correctly identify the sensory (afferent) neuron, interneuron (assoeiation neuron), and motor (efferent) neuron in the figure 
below. 

Which of these neuron types is/are iinipolar?_ 

Which is/are most likely multipolar? _ 


Reeeptors (thermal 



9. Deseribe how the Schwann eells form the myelin sheath and the outer eollar of perinuclear eytoplasm eneasing the nerve 
fibers. 


Structure of a Nerve 


10. What is a nerve? 
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11. State the loeation of eaeh of the following eonneetive tissue eoverings. 

endoneurium: _ 

perineurium: _ 

epineurium:_ 

12. What is the function of the eonneetive tissue wrappings found in a nerve? 


13. Define mixed nerve. 


14. Identify all indieated parts of the nerve seetion. 








































Neurophysiology of Nerve 
lmpulses: Frog Subiects 






MATERIALS 


□ Rana pipiens* 

□ Disseeting instruments and tray 

□ Disposable gloves 

□ Ringer's solution (frog) in dropper 
bottles, some at room temperature 
and some in an iee bath 

□ Thread 

□ Glass rods or probes 

□ Glass plates or slides 

□ Ring stand and elamp 

□ Stimulator; platinum eleetrodes 

□ Foreeps 

□ Filter paper 

□ 0.01% hydroehlorie aeid (HCI) solution 

□ Sodium ehloride (NaCI) erystals 

□ Heat-resistant mitts 

□ Bunsen burner 

□ Safety goggles 

□ Absorbent eotton 

□ Ether 

□ Pipettes 

□ 1-ee syringe vvith small-gauge needle 

□ 0.5% tubocurarine solution 

□ Frog board 

□ Oseilloseope 

□ Nerve ehamber 


*Instructor to provide freshly pithed 
frogs (Rana pipiens) for student 
experimentation. 


PEx 


PhysioEx™9.1 Computer 
Simulation Ex.3 on p. PEx-35. 


OBJEGTIVES 


1 

2 


3 


4 


Deseribe the resting membrane potential in neurons. 

Define depolarization, repolarization, aetion potential, and relative 
refraetory period and absolute refraetory period. 

Deseribe the events that lead to the generation and conduction of an 
aetion potential. 

Explain briefly hovv a nerve impulse is transmitted from one neuron to 
another, and hovv a neurotransmitter may be either excitatory or inhibitory 
to the reeipient eell. 



x 



5. Define compound aetion potential and discuss hovv it differs from an aetion 
potential in a single neuron. 

6. Deseribe the preparation used to examine eontraetion of the frog 
gastrocnemius rrmsele. 

7. List various substances and faetors that ean stimulate neurons. 

8. State the site of aetion of the bloeking agents ether and curare. 

9. Deseribe the experimental setup used to reeord compound aetion potentials 
in the frog seiatie nerve. 


PRE-LAB Q U I Z 

1. Circle the eorreet underlined term. Excitability / Conductivity is the ability to 
transmit nerve impulses to other neurons. 

2. When a neuron is stimulated, the membrane beeomes more permeable to 
Na + ions, vvhieh diffuse into the eell and cause 

a. depolarization 

b. hyperpolarization 
e. repolarization 

3. As an aetion potential progresses, the permeability to Na + deereases and the 
permeability to this ion inereases: 

a. Ca 2+ 

b. K + 


M: 




MasteringA&P @ For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you vvill find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PF!ix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



e. Na + 

4. The period of time vvhen the neuron is totally insensitive to further 
stimulation and eannot generate another aetion potential is 

a. absolute refraetory period 

b. membrane potential 
e. repolarization 

d. threshold 

5. What muscle and nerve vvill you need to isolate to study the physiology of 
nerve fibers? 

a. gastrocnemius and seiatie 

b. sartorius and femoral 

e. trieeps braehii and radial 
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Exercise 16 



++++++++++++++++ 



++++++++++++++++ 



-- ++++++++++++++ 



f 1 - + + + + + + + + + + + + + + 

f Na + 


Stimulus 
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Fìgure 16.1 The aetion potential. 

(a) Resting membrane potential 
(RMP). There is an excess of positive 
ions at the external eell surface # with 
Na + the predominant extracellular 
fluid ion and K + the predominant 
intracellular ion. The plasma 
membrane has a low permeability to 
Na + . (b) Depolarization—reversal of 
the RMP. Applieation of a stimulus 
ehanges the membrane permeability. 


and Na + ions are allowed to diffuse 
rapidly into the eell. (e) Generation of 
the aetion potential or nerve impulse. 
If the stimulus is of adequate intensity, 
the depolarization wave spreads 
rapidly along the entire length of 
the membrane. (d) Repolarization— 
reestablishment of the RMP. The 
negative eharge on the internal 
plasma membrane surface and the 
positive eharge on its external surface 


are reestablished by diffusion of K + 
ions out of the eell # proeeeding in the 
same direetion as ín depolarization. 

(e) In the resting state # Na + ions leak 
into the eell and K + ions leak out. 

The RMP is maintained by the 
aetive sodium-potassium pump. 

(f) The aetion potential is caused by 
permeability ehanges in the plasma 
membrane. 


eurons are excitable; they respond to stimuli by pro- 
ducing an eleerieal signal. Excited neurons commu- 
nieate—they transmit eleetrieal signals to neurons, 
muscles, glands, and other tissues of the body, a property 
ealled conductivity. In a resting neuron, the interior of 
the eell membrane is slightly more negatively eharged than 
the exterior surface (Figure 16.1). The differenee in eleetri- 
eal eharge produces a resting membrane potential aeross 
the membrane that is measured in millivolts. As in most 
eells, the predominant intracellular eation is K + ; Na + is the 
predominant eation in the extracellular fluid. In a resting 
neuron, Na + leaks into the eell and K + leaks out. The resting 


membrane potential is maintained by the sodium-potassium 
pump, which transports Na + baek out of the eell and K + baek 
into the eell. 

The Aetion Potential 

When a neuron reeeives an excitatory stimulus, the mem- 
brane beeomes more permeable to sodium ions, and Na + 
diffuses down its eleetroehemieal gradient into the eell. As 
a result, the interior of the membrane beeomes less nega- 
tive (Figure 16. lb), an event ealled depolarization. If the 
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stimulus is great enough to depolarize the initial segment of 
the axon to threshold, an aetion potential is generated. The 
initial segment of the axon in multipolar neurons is at the 
axon hilloek of the eell body. In peripheral sensory neurons, 
the initial segment is just proximal to the sensory reeeptor, far 
from the eell body loeated in the dorsal root ganglion. 

When the threshold voltage is reaehed, the membrane 
permeability to Na + inereases rapidly (Figure 16. lf). As the 
neuron depolarizes, the polarity of the membrane reverses: 
the interior surface now beeomes more positive than the exte- 
rior (Figure 16. le). As the membrane permeability to Na + falls, 
the permeability to K + inereases, and K + diffuses down its elee- 
troehemieal gradient and out of the eell (Figure 16. ld). Onee 
again the interior of the membrane beeomes more negative 
than the exterior. This event is ealled repolarization. As you 
ean see, the aetion potential is a brief reversal of the neuron’s 
membrane potential. 

The period of time when Na + permeability is rapidly 
ehanging and maximal, and the period immediately follow- 
ing when Na + permeability beeomes restrieted, together eor- 
respond to a time when the neuron is insensitive to further 
stimulation and eannot generate another aetion potential. This 
period is ealled the absolute refraetory period. As Na + per- 
meability is gradually restored to resting levels during repo- 
larization, an espeeially strong stimulus to the neuron may 
provoke another aetion potential. This period of time is the 
relative refraetory period. Restoration of the resting mem- 
brane potential restores the neuron’s normal excitability. 

Onee generated, the aetion potential propagates along 
the entire length of the axon. It is never partially transmitted. 
Furthermore, it retains a eonstant amplitude and duration; 
the aetion potential is not small when a stimulus is small and 
large when a stimulus is large. Sinee the aetion potential of 
a given neuron is always the same, it is said to be an all-or- 
none response. When an aetion potential reaehes the axon 
terminals, it causes neurotransmitter to be released. The neu- 
rotransmitter may be excitatory or inhibitory to the next eell 
in the transmission ehain, depending on the reeeptor types 
on that eell. (The experiments in this exercise eonsider only 
excitatory neurotransmitters.) 

The eoneentration of Na + and K + both inside and outside 
an aetive neuron ehange very little during a single aetion poten- 
tial. Even when many aetion potentials are generated in a given 
area, the sodium-potassium pumps maintain the eoneentration 
differenees aeross the membrane that are needed for the normal 
function of these excitable eells (Figure 16.le). 


Physiology of Nerves 

The seiatie nerve is a bundle of axons that vary in diameter. 
An eleetrieal signal reeorded from a nerve represents the 
summed eleetrieal aetivity of all the axons in the nerve. This 
summed aetivity is ealled a compound aetion potential. 
Unlike an aetion potential in a single axon, the compound 
aetion potential varies in shape aeeording to which axons are 
producing aetion potentials. When a nerve is stimulated by 
external eleetrodes, as in our experiments, the largest axons 
reaeh threshold first and generate aetion potentials. Higher- 
intensity stimuli are required to produce aetion potentials in 
smaller axons. 

In this laboratory session, you will investigate the func- 
tioning of a nerve by subjecting the seiatie nerve of a frog to 


Seiatie nerve 



Spinal nerves 



Probe 


Calcaneal 

tendon 


Figure 16.2 Removal of the seiatie nerve and 
gastrocnemius muscle. (1) Cut through the frog's skin 
around the circumference of the trunk. (2) Pu11 the skin 
dovvn over the trunk and legs. (3) Make a longitudinal 
cut through the abdominal musculature and expose 
the roots of the seiatie nerve (arising from spinal nerves 
7-9). Ligate the nerve and cut the roots proximal to 
the ligature. (4) Llse a glass probe to expose the seiatie 
nerve beneath the posterior thigh muscles. (5) Ligate the 
ealeaneal tendon and cut it free distal to the ligature. 
Release the gastrocnemius muscle from the eonneetive 
tissue of the knee region. 


various types of stimuli and bloeking agents. Work in groups 
of two to four to lighten the workload. 

DISSECTIOI\l: 

Isolating the Gastrocnemius 
Muscle and Seiatie Nerve 

| 1. Don gloves to proteet yourself from any parasites 

• the frogs might have. Obtain a pithed frog from your 
instmetor, and bring it to your laboratory beneh. Also obtain 
disseeting instmments, a tray, thread, two glass rods or probes, 
and frog Ringer’s solution at room temperature from the 
supply area. 

2. Prepare the seiatie nerve as illustrated (Figure 16.2). 
Plaee the pithed frog on the disseeting tray, dorsal side down. 
Make a cut through the skin around the circumference of the 
frog approximately halfway down the tmnk, and then pull the 
skin down over the muscles of the legs. Open the abdominal 
eavity and push the abdominal organs to one side to expose 



























268 


Exercise 16 


the origin of the glistening white seiatie nerve, which arises 
from the last three spinal nerves. Onee the seiatie nerve has 
been exposed, it should be kept continually moist with room 

temperature Ringer’s solution. 

3. Using a glass probe, slip a pieee of thread moistened with 
Ringer’s solution under the seiatie nerve elose to its origin at 
the vertebral column. Make a single ligature (tie it firmly with 
the thread), and then cut through the nerve roots to free the 
proximal end of the seiatie nerve from its attaehments. Using 
a glass rod or probe, carefully separate the posterior thigh 
muscles to loeate and then free the seiatie nerve, which runs 
down the posterior aspeet of the thigh. 

4. Tie a pieee of thread around the ealeaneal tendon of the 
gastrocnemius muscle, and then cut through the tendon distal 
to the ligature to free the gastrocnemius muscle from the heel. 
Using a sealpel, carefully release the gastrocnemius muscle 
from the eonneetive tissue in the knee region. At this point 
you should have eompletely freed both the gastrocnemius 
muscle and the seiatie nerve, which innervates it. ■ 


A C T I V I T Y 1 






Stimiilating the Nerve 

In this first set of experiments, stimulation of the nerve and 
generation of the compound aetion potential will be indieated 
by eontraetion of the gastrocnemius muscle. Because you will 
make no meehanieal reeording (unless your instmetor asks 
you to), you must keep eomplete and accurate reeords of all 
experimental procedures and results. 

1. Obtain a glass slide or plate, ring stand and elamp, stimula- 
tor, eleetrodes, salt (NaCl), foreeps, filter paper, 0.01% hydro- 
ehlorie aeid (HC1) solution, Bunsen burner, and heat-resistant 
mitts. With glass rods, transfer the isolated muscle-nerve prepa- 
ration to a glass plate or slide, and then attaeh the slide to a ring 
stand with a elamp. Allow the end of the seiatie nerve to hang 
over the free edge of the glass slide, so that it is easily aeeessible 
for stimulation. Remember to keep the nerve moist at all times. 

2. You are now ready to investigate the response of the 
seiatie nerve to various stimuli, beginning with eleetrieal 
stimulation. Using the stimulator and platinum eleetrodes, 
stimulate the seiatie nerve with single shoeks, gradually in- 
ereasing the intensity of the stimulus until the threshold stim- 
ulus is determined. 


The muscle as a whole will just barely eontraet at the thresh- 
old stimulus. Reeord the voltage of this stimulus: 


Threshold stimulus: 



does this response eompare with the response to the single 
eleetrieal shoeks? 


3. To investigate meehanieal stimulation, pineh the free end 
of the nerve by firmly pressing it between two glass rods or 
by pinehing it with foreeps. What is the result? 


4. Chemical stimulation ean be tested by applying a small 
pieee of filter paper saturated with HC1 solution to the free 
end of the nerve. What is the result? 


Drop a few grains of salt (NaCl) on the free end of the nerve. 
What is the result? 


5. Now test thermal stimulation. Wearing the heat-resistant 
mitts, heat a glass rod for a few moments over a Bunsen 
burner. Then touch the rod to the free end of the nerve. What 
is the result? 


What do these muscle reaetions say about the excitability and 
conductivity of neurons? 



Most neurons within the body are stimulated to the great- 
est degree by a particular stimulus (in many eases, a ehemieal 
neurotransmitter), but a variety of other stimuli may trigger 
nerve impulses, as seen in the experimental series just eon- 
ducted. Generally, no matter what type of stimulus is present, 
if the affeeted part responds by beeoming aetivated, it will 
always reaet in the same way. Familiar examples are the 
well-known phenomenon of “seeing stars” when you reeeive 
a blow to the head or press on your eyeball (try it), both of 
which trigger impulses in your optie nerves. 


Continue to inerease the voltage until you find the point 
beyond which no further inerease occurs in the strength of 
muscle eontraetion—that is, the point at which the maximal 
eontraetion of the muscle is obtained. Reeord this voltage 
below. 

Maximal stimulus:_V 

Delivering multiple or repeated shoeks to the seiatie nerve 
causes volleys of impulses in the nerve. Shoek the nerve with 
multiple stimuli. Observe the response of the muscle. How 


AOTIVITY 2 


Inhibiting the Nerve 

Numerous physieal faetors and ehemieal agents ean impair 
the ability of nerve fibers to function. For example, deep 
pressure and eold temperature both bloek nerve impulse 
transmission by preventing the loeal blood supply from 
reaehing the nerve fibers. Loeal anestheties, aleohol, and 
numerous other ehemieals are also very effeetive at bloeking 
nerve transmission. Ether, one such ehemieal bloeking agent, 
will be investigated first. 
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f Sinee ether is extremely volatile and explosive, per- 
* form this experiment in a vented hood. Don safety 
goggles before beginning this procedure. 

1. Obtain another glass slide or plate, absorbent eotton, 
ether, and a pipette. Clamp the new glass slide to the ring 
stand slightly below the first slide of the apparatus setup for 
the previous experiment. With glass rods, gently position the 
seiatie nerve on this seeond slide, allowing a small portion of 
the nerve’s distal end to extend over the edge. Plaee a pieee 
of absorbent eotton soaked with ether under the midseetion 
of the nerve on the slide, prodding it into position with a glass 
rod. Using a voltage slightly above the threshold stimulus, 
stimulate the distal end of the nerve at 2-minute intervals until 
the muscle fails to respond. (If the eotton dries before this, 
re-wet it with ether using a pipette.) How long did it take for 
anesthesia to occur? 

_see 

2. Onee anesthesia has occurred, stimulate the nerve beyond 
the anesthetized area, between the ether-soaked pad and the 
muscle. What is the result? 


3. Remove the ether-soaked pad and flush the nerve fibers 
with Ringer’s solution. Again stimulate the nerve at its distal 
end at 2-minute intervals. How long does it take for reeovery? 


Does ether exert its bloeking effeet on the nerve or on the 
muscle eells? 

_Explain your reasoning. 


If sufficient frogs are available and time allows, you may 
do the following elassie experiment. In the 1800s Claude 
Bernard deseribed an investigation into the effeet of curare 
on nerve-muscle interaetion. Curare was used by some South 
Ameriean Indian tribes to tip their arrows. Vietims strnek 
with these arrows were paralyzed, but the paralysis was not 
aeeompanied by loss of sensation. 

1. Prepare another frog as deseribed in steps 1 through 3 of 
the disseetion instmetions. However, in this ease position the 
frog ventral side down on a frog board. In exposing the seiatie 
nerve, take eare not to damage the blood vessels in the thigh 
region, as the success of the experiment depends on maintain- 
ing the blood supply to the muscles of the leg. 

2. Expose and gently tie the left seiatie nerve so that it ean 
be lifted away from the muscles of the leg for stimulation. 
Slip another length of thread under the nerve, and then tie the 
thread tightly around the thigh muscles to cut off circulation 
to the leg. The seiatie nerve should be above the thread and 


not in the ligated tissue. Expose and ligate the seiatie nerve of 
the right leg in the same manner, but this time do not ligate 
the thigh muscles. 

| 3. Take great eare in handling tubocurarine , 

• because it is extremely poisonons. Do not get anv on 

vour skin. Get a syringe and needle, and a vial of 0.5% tubo- 
curarine. Obtain 1 ee of the tubocurarine by injeeting 1 ee of 
air into the vial through the rnbber membrane, and then draw- 
ing up 1 ee of the ehemieal into the syringe. Slowly and eare- 
fully injeet 1 ee of the tubocurarine into the dorsal lymph sae 
of the frog. The dorsal lymph saes are loeated dorsally at the 
level of the scapulae, so introduce the needle of the syringe 
just beneath the skin between the scapulae and toward one 
side of the spinal column. 

4. Wait 15 minutes after injeetion of the tubocurarine to allow 
it to be distributed throughout the body in the blood and lym- 
phatie stream. Then eleetrieally stimulate the left seiatie nerve. 
Be careful not to touch any of the other tissues with the elee- 
trode. Gradually inereasing the voltage, deliver single shoeks 
until the threshold stimulus is determined for this speeimen. 

Threshold stiimihis:_V 

Now stimulate the right seiatie nerve with the same voltage 
intensity. Is there any differenee in the reaetion of the two 
muscles? 

_If so, explain._ 


If you did not find any differenee, wait an additional 10 to 15 
minutes and restimulate both seiatie nerves. 

What is the result? 


5. To determine the site at which tubocurarine aets, direetly 
stimulate eaeh gastrocnemius muscle. What is the result? 


Explain the differenee between the responses of the right and 
left seiatie nerves. 
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Exercise 16 



Figure 16.3 Reeordings of the compound aetion 
potential from the seiatie nerve. The first compound 
aetion potential in eaeh sean is eireled. (a) Stimulus 
artifaets only. (b-d) Inereasing stimulus strengths reveal 
the graded nature of the compound aetion potential. 


Explain the results when the muscles were stimulated direetly. 


At what site does tubocurarine (or curare) aet? 



The Oseilloseope: 

An Experimental Tool 

In this exercise, a frog’s seiatie nerve will be eleetrieally stim- 
ulated, and the compound aetion potential generated will be 
observed on the oseilloseope. The oseilloseope is an instrn- 
ment that visually displays the rapid ehanges in voltage that 
occur during an aetion potential. The disseeted nerve will be 
plaeed in eontaet with two pairs of eleetrodes —stimulating 
and reeording. The stimulating eleetrodes will be used to 
deliver a pulse of eleetrieity to a point on the seiatie nerve. At 
another point on the nerve, a pair of reeording eleetrodes eon- 
neeted to the oseilloseope will deliver the signal to the oseil- 
loseope, and the eleetrieal pulse will be visible on the sereen 
as a vertieal defleetion, or a stimulus artifaet (Figure 16.3). 
As the nerve is stimulated with inereasingly higher voltage, 
the stimulus artifaet inereases in amplitude as well. When the 


stimulus voltage reaehes a high enough level, a compound 
aetion potential will be generated by the nerve, and a seeond 
vertieal defleetion will appear on the sereen, approximately 
2 milliseeonds after the stimulus artifaet (Figure 16.3 b-d). 
This seeond defleetion reports the potential differenee that 
represents the compound aetion potential. 


A C T I V I T Y 3 


Visualizing the Compound Aetion 
Potential with an Oseilloseope 

1. Obtain a nerve ehamber, an oseilloseope, a stimulator, 
frog Ringer’s solution (room temperature), a disseeting nee- 
dle, and glass probes. Set up the experimental apparatus as 
illustrated (Figure 16.4). Connect the two stimulating elee- 
trodes to the output terminals of the stimulator and the two 
reeording eleetrodes to the oseilloseope. 

2. Obtain another pithed frog, and prepare one of its seiatie 
nerves for experimentation as indieated in steps 1 through 3 
of the disseetion instmetions (page 267). While working, be 
careful not to touch the nerve with your fingers, and do not 
allow the nerve to touch the frog’s skin. 

3. When you have freed the seiatie nerve to the knee region 
with the glass probe, slip another thread length beneath that 
end of the nerve and make a ligature. Cut the nerve distal 
to this tied thread and then carefully lift the cut nerve away 
from the thigh of the frog by holding the threads at the nerve’s 
proximal and distal ends. Plaee the nerve in the nerve eham- 
ber so that it rests aeross all four eleetrodes—the two stimu- 
lating and two reeording eleetrodes (see Figure 16.4). Flush 
the nerve with room temperature frog Ringer’s solution. 

4. Adjust the horizontal sweep aeeording to the instmetions 
given in the manual or by your instmetor, and set the stimula- 
tor duration, frequency, and amplitude to their lowest settings. 

5. Begin to stimulate the nerve with single stimuli, slowly 
inereasing the voltage until a threshold stimulus is aehieved. 
The compound aetion potential will appear as a small rounded 
“hump” immediately following the stimulus artifaet. Reeord 
the voltage of the threshold stimulus: 

Threshold stimiihis:_V 

6. Flush the nerve with the Ringer’s solution and continue 
to inerease the voltage, watching as the vertieal defleetions 
produced by the compound aetion potential beeome dipha- 
sie (show both upward and downward vertieal defleetions). 
Reeord the voltage at which the compound aetion potential 
reaehes its maximal amplitude; this is the maximal stimulus. 

Maximal stimulus:_V 

7. Set the stimulus voltage at a level just slightly lower than 
the maximal stimulus and gradually inerease the frequency of 
stimulation. What is the effeet on the amplitude of the eom- 
pound aetion potential? 
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Stimulator 


Oseilloseope 



Output 
terminals 


Stimulating eleetrodes 


Reeording eleetrodes 


lnput terminals 


Nerve to be positioned aeross all four eleetrodes 


Figure 16.4 Setup for oseilloseope visualization of aetion potentials in a nerve. 


8. Flush the nerve with room temperature Ringer’s solution 
onee again, and allow the nerve to sit for a few minutes while 
you obtain a bottle of Ringer’s solution from the iee bath. 
Repeat steps 5 and 6 while your partner continues to flush 
the nerve preparation with the eold saline. Reeord the thresh- 
old and maximal stimuli, and watch the oseilloseope pattern 
carefully to deteet any differenees in the veloeity or speed of 
conduction from what was seen previously. 

Threshold stimulus:_V 

Maximal stimulus: V 


9. Flush the nerve preparation with room temperature Ringer’s 
solution again and then gently lift the nerve by its attaehed 
threads. Then turn the nerve around so that the end formerly 
resting on the stimulating eleetrodes now rests on the reeord- 
ing eleetrodes and viee versa. Stimulate the nerve. Is the 
impulse conducted in the opposite direetion? 


10. Dispose of the frog remains and gloves in the appropriate 
eontainers, elean the lab beneh and equipment, and return 
your equipment to the proper supply area. H 
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The Aetion Potential 

1. Mateh the terms in column B to the appropriate definition in column A. 

Column A 

_ 1. period of depolarization of the neuron membrane during 

which it eannot respond to a seeond stimulus 

_ 2. reversal of the resting potential due to an influx of sodium ions 

_ 3. period during which potassium ions diffuse out of the neuron 

because of a ehange in membrane permeability 

_ 4. period of repolarization when only a strong stimulus will elieit 

an aetion potential 



Column B 

a. absolute refraetory period 

b. aetion potential 
e. depolarization 

d. relative refraetory period 

e. repolarization 

f. sodium-potassium pump 




5. meehanism in which ATP is used to move sodium out of the 
eell and potassium into the eell; restores the resting membrane 
voltage and intracellular ionie eoneentrations 


2. Define the term depolarization. 


How does an aetion potential differ from simple depolarization? 



Would a substance that deereases membrane permeability to sodium inerease or deerease the probability of generating an 
aetion potential? Why? 



The diagram here represents a seetion of an axon. Complete the figure by illustrating an area of resting membrane potential, 
an area of depolarization, and loeal current flow. indieate the direetion of the depolarization wave. 
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Revievv Sheet 16 


Physiology of Nerves Stimulating 
and Inhibiting the Nerve 

5. Respond appropriately to eaeh question posed below. Insert your responses in the eorresponding numbered blanks to the 
right. 


1-3. Name three types of stimuli that resulted in aetion potential genera- 1. 

tion in the seiatie nerve of the frog. 

2 . 

4. Which of the stimuli resulted in the most effeetive nerve stimulation? 

3. 

5. Which of the stimuli employed in that experiment might represent 

types of stimuli to which nerves in the human body are subjected? 4 , 


6 . What is the usual mode of stimulus transfer in neuron-to-neuron in- 5 

teraetions? 

6 . 

7. Sinee the aetion potentials themselves were not visualized with an 

oseilloseope during this initial set of experiments, how did you reeognize 7 

that impulses were being transmitted? 

6 . How did the site of aetion of ether and tubocurarine differ? 


In the curare experiment, why was one of the frog’s legs ligated? 


Visualizing the Compound Aetion Potential 
with an Oseilloseope 



Explain why the amplitude of the compound aetion potential reeorded from the frog seiatie nerve inereased when the voltage 


of the stimulus was inereased above the threshold value. 



What was the effeet of eold temperature (flooding the nerve with ieed Ringer’s solution) on the functioning of the seiatie 


nerve tested? 


9. When the nerve was reversed in position, was the impulse conducted in the opposite direetion? 


How ean this result be reeoneiled with the eoneept of one-way conduction in neurons? 






















Gross Anatomy of the Brain 
and Cranial Nerves 


MATERIALS 

□ Human brain model (disseetible) 

□ Preserved human brain (if available) 

□ Three-dimensional model of ventrieles 

□ Coronally seetioned human brain sliee 
(if available) 

□ Materials as needed for eranial nerve 
testing (see Table 17.1): aromatie oils 
(e.g., vanilla and eloves); eye ehart; 
ophthalmoseope; penlight; safety pin; 
blunt probe (hot and eold); eotton; 
solutions of sugar, salt, vinegar, and 
quinine; ammonia; tuning fork; and 
tongue depressor 

□ Preserved sheep brain (meninges and 
eranial nerves intaet) 

□ Disseeting instmments and tray 

□ Disposable gloves 


ORJEGTIVES 

1. List the elements of the eentral and peripheral divisions of the nervous 
system. 

2. Discuss the differenee betvveen the sensory and motor portions of the 
nervous system and name the tvvo divisions of the motor portion. 

3. Reeognize the terms that deseribe the development of the human brain 
and discuss the relationships betvveen the terms. 






4. As direeted by your instructor, identify the bold terms assoeiated vvith 
the eerebral hemispheres, dieneephalon, brain stem, and cerebellum on a 
disseeted human brain, brain model, or appropriate image, and state their 
functions. 


5. State the differenee betvveen gyri, fissures, and sulci. 

6. Deseribe the eomposition of gray matter and vvhite matter in the nervous 
system. 

7. Name and deseribe the three meninges that eover the brain, state their 
functions, and loeate the falx eerebri, falx eerebelli, and tentorium eerebelli. 

8. Discuss the formation, circulation, and drainage of eerebrospinal fluid. 

9. Identify the eranial nerves by number and name on a model or image, 
stating the origin and function of eaeh. 

10. Identify at least four pertinent anatomieal differenees betvveen the human 
and sheep brain. 


PRE-LAB Q U I Z 


M 



MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you vvill find: 

• Praetiee Anatomy Lab PÀL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



1. Circle the eorreet underlined term. The eentral nervous system / peripheral 
nervous system eonsists of the brain and spinal eord. 

2. Circle the eorreet underlined term. The most superior portion of the brain is 
the eerebral hemispheres / braìn stem. 

3. Circle True or False. Deep grooves vvithin the eerebral hemispheres are 
knovvn as gyri. 

4. On the ventral surface of the brain, you ean observe the optie nerves and 
ehiasma, the pituitary gland, and the mammillary bodies. These externally 
visible structures form the floor of the 

a. brain stem e. frontal lobe 

b. dieneephalon d. oeeipital lobe 

5. Circle the eorreet underlined term. The inferior region of the brain stem, 
the medulla oblongata / cerebellum houses many vital autonomic eenters 
involved in the eontrol of heart rate, respiratory rhythm, and blood pressure. 

6. Direetly under the oeeipital lobes of the cerebrum is a large cauliflower-like 

structure known as the_. 

a. brain stem b. cerebellum e. dieneephalon 


(Text continues on next page.) 
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7. Circle the eorreet underlined term. The outer cortex of 
the brain eontains the eell bodies of eerebral neurons and 
is known as whìte matter / grav matter. 

8. The brain and spinal eord are eovered and proteeted by 
three eonneetive tissue layers ealled 

a. lobes e. sulci 

b. meninges d. ventrieles 


9. Circle True or False. Cerebrospinal fluid is produced by 
the frontal lobe of the eerebmm and is unlike any other 
body fluid. 

10. How many pairs of eranial nerves are there?_ 


W hen viewed alongside all nature’s animals, humans 

are indeed unique, and the key to their uniqueness 
is found in the brain. Eaeh of us is a eomposite 
refleetion of our brain’s experience. If all past sensory input 
could mysteriously and suddenly be “erased,” we would be 
unable to walk, talk, or communicate in any manner. Sponta- 
neous movement would occur, as in a fetus, but no voluntary 
integrated function of any type would be possible. Clearly we 
would eease to be the same individuals. 

Because of the complexity of the nervous system, its ana- 
tomieal structures are usually eonsidered in terms of two prin- 
eipal divisions: the eentral nervous system and the peripheral 
nervous system. The eentral nervous system (CNS) eonsists 
of the brain and spinal eord, which primarily interpret ineom- 
ing sensory information and issue instmetions based on that 
information and on past experience. The peripheral nervous 
system (PNS) eonsists of the eranial and spinal nerves, gan- 
glia, and sensory reeeptors. These structures serve as eom- 
munication lines as they earry impulses—from the sensory 
reeeptors to the CNS and from the CNS to the appropriate 
glands, muscles, or other effeetor organs. 

The PNS has two major subdivisions: the sensory por- 
tion, which eonsists of nerve fibers that conduct impulses 


toward the CNS, and the motor portion, which eontains 
nerve fibers that conduct impulses away from the CNS. 
The motor portion, in turn, eonsists of the somatie division 
(sometimes ealled the voluntary system ), which eontrols the 
skeletal muscles, and the autonomic nervous system (ANS), 
which eontrols smooth and eardiae muscles and glands. The 
ANS is often referred to as the involuntary nervous system. Its 
sympathetie and parasympathetie branehes play a major role 
in maintaining homeostasis. 

In this exercise the brain (CNS) and eranial nerves (PNS) 
will be studied because of their elose anatomieal relationship. 


The Hiiman Brain 

During embryonie development of all vertebrates, the CNS 
first makes its appearanee as a simple tubelike structure, the 
neural tube, that extends down the dorsal median plane. By 
the fourth week, the human brain begins to form as an expan- 
sion of the anterior or rostral end of the neural tube (the end 
toward the head). Shortly thereafter, eonstrietions appear, 
dividing the developing brain into three major regions— 
forebrain, midbrain, and hindbrain (Figure 17.1). The 
remainder of the neural tube beeomes the spinal eord. 


(a) Neural 
tube 

(eontains 

neural 

eanal) 


Anterior 

(rostral) 


Posterior 

(caudal) 


(b) Primary brain vesieles 


Proseneephalon 

(forebrain) 


Meseneephalon 

(midbrain) 


Rhombeneephalon 

(hindbrain) 


(e) Seeondary brain vesieles 


(d) Adult brain structures 


Teleneephalon 


Cerebrum: eerebral 
hemispheres (cortex, 
white matter, basal nuclei) 


Dieneephalon 


Dieneephalon 
(thalamus, hypothalamus, 
epithalamus), retina 


Meseneephalon 


Brain stem: midbrain 


(e) Adult neural 
eanal regions 


Lateral ventrieles 


Third ventriele 


Cerebral aqueduct 


Meteneephalon 


Brain stem: pons 


Cerebellum 


Fourth ventriele 


Myeleneephalon 


Brain stem: medulla 
oblongata 


Spinal eord 


Central eanal 


Figure 17.1 Embryonie development of the human brain. (a) The neural tube 
subdivides into (b) the primary brain vesieles, which subsequently form (e) the 
seeondary brain vesicles f which differentiate into (d) the adult brain structures. 
(e) The adult structures derived from the neural eanal. 
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Figure 17.2 External features of the 
eerebral hemispheres. (a) Left lateral 
view of the brain. (b) Superior view. 
(e) Photograph of the superior aspeet 
of the human brain. 
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(e) 


During fetal development, two anterior outpocketings 
extend from the forebrain and grow rapidly to form the eere- 
bral hemispheres. The skull imposes spaee restrietions that 
foree the eerebral hemispheres to grow posteriorly and inferi- 
orly, and they finally end up enveloping and obscuring the rest 
of the forebrain and most midbrain structures. Somewhat later 
in development, the dorsal hindbrain also enlarges to produce 
the cerebellum. The eentral eanal of the neural tube, which 
remains continuous throughout the brain and eord, enlarges in 
four regions of the brain, forming ehambers ealled ventrieles 
(see Figure 17.8a and b, page 284). 


AOTIVITY 1 


Identifying External Brain Structures 

Identify external brain structures using the figures eited. Also 
use a model of the human brain and other learning aids as they 
are mentioned. 

Generally, the brain is studied in terms of four major 
regions: the eerebral hemispheres, dieneephalon, brain stem, 
and cerebellum. It’s useful to be aware of the relationship 
between these four anatomieal regions and the structures of 
the forebrain, midbrain, and hindbrain (Figure 17.1). 


Cerebral Hemispheres 

The eerebral hemispheres are the most superior portion of 
the brain (Figure 17.2). Their entire surface is thrown into 
elevated ridges of tissue ealled gyri that are separated by shal- 
low grooves ealled sulci or deeper grooves ealled fissures. 
Many of the fissures and gyri are important anatomieal 
landmarks. 

The eerebral hemispheres are divided by a single deep 
fissure, the longitudinal fissure. The eentral sulcus divides 
the frontal lobe from the parietal lobe, and the lateral 
sulcus separates the temporal lobe from the parietal lobe. 
The parieto-oeeipital sulcus on the medial surface of eaeh 
hemisphere divides the oeeipital lobe from the parietal lobe. 
It is not visible externally. A fifth lobe of eaeh eerebral hemi- 
sphere, the insula, is buried deep within the lateral sulcus, and 
is eovered by portions of the temporal, parietal, and frontal 
lobes. Notiee that most eerebral hemisphere lobes are named 
for the eranial bones that lie over them. 

Some important functional areas of the eerebral hemi- 
spheres have also been loeated (Figure 17.2d). The primary 
somatosensory cortex is loeated in the posteentral gyrus of 
the parietal lobe. Impulses traveling from the body’s sensory 
reeeptors (such as those for pressure, pain, and temperature) 
are loealized in this area of the brain. (“This information 
is from my big toe.”) Immediately posterior to the primary 
somatosensory area is the somatosensory assoeiation 
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Primary motor cortex 
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(d) 

Figure 17.2 (continued) External features of the 
eerebral hemispheres. (d) Functional areas of the left 
eerebral cortex. The olfaetory area, vvhieh is deep to 
the temporal lobe on the medial hemispherie surface # 
is not identified. 


Sensory areas and related 
assoeiation areas 


Primary somatosensory 
cortex 


Somatosensory 
assoeiation cortex 


Somatie 

sensation 
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Taste 


Wernicke's area 
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Primary visual 
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Visual 
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Vision 


Auditory 
assoeiation area 

Primary 
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cortex, in which the meaning of ineoming stimuli is ana- 
lyzed. ( U 0uch! I have a pain there.”) Thus, the somatosensory 
assoeiation cortex allows you to beeome aware of pain, eold- 
ness, a light touch, and the like. 

Impulses from the speeial sense organs are interpreted in 
other speeifie areas (Figure 17.2d). For example, the visual 
areas are in the posterior portion of the oeeipital lobe, and 
the auditory area is loeated in the temporal lobe in the gyras 
bordering the lateral sulcus. The olfaetory area is deep within 
the temporal lobe along its medial surface, in a region ealled 
the uncus(see Figure 17.4a). 

The primary motor cortex, which is responsible for 
conscious or voluntary movement of the skeletal muscles, is 
loeated in the preeentral gyrus of the frontal lobe. A spe- 
eialized motor speeeh area ealled Broea’s area is found at 
the base of the preeentral gyras just above the lateral sulcus. 
Damage to this area (which is loeated in only one eerebral 
hemisphere, usually the left) reduces or eliminates the ability 
to articulate words. Many areas involved in intelleet, complex 
reasoning, and personality lie in the anterior portions of the 
frontal lobes, in a region ealled the prefrontal cortex. 

A rather poorly defined region at the junction of the 
parietal and temporal lobes is Wernicke’s area, an area in 
which unfamiliar words are sounded out. Like Broea’s area, 
Wernicke’s area is loeated in one eerebral hemisphere only, 
typieally the left. 

Although there are many similar functional areas in both 
eerebral hemispheres, eaeh hemisphere is also a “speeial- 
ist” in eertain ways. For example, the left hemisphere is the 
“language brain” in most of us, because it houses eenters 
assoeiated with language skills and speeeh. The right hemi- 
sphere is more eoneerned with abstraet, conceptual, or spatial 
proeesses—skills assoeiated with artistie or ereative pursuits. 

The eell bodies of eerebral neurons involved in these 
functions are found only in the outermost gray matter of 


the eerebram, the eerebral cortex. Most of the balanee of 
eerebral tissue—the deeper eerebral white matter —is eom- 
posed of fiber traets earrying impulses to or from the cortex. 

Using a model of the human brain (and a preserved hu- 
man brain, if available), identify the areas and structures of 
the eerebral hemispheres deseribed above. 

Then continue using the model and preserved brain along 
with the figures as you read about other structures. 

Dieneephalon 

The dieneephalon is embryologieally part of the forebrain, 
along with the eerebral hemispheres. 

Turn the brain model so the ventral surface of the brain 
ean be viewed. Starting superiorly (and using Figure 17.3 as 
a guide), identify the externally visible structures that mark 
the position of the floor of the dieneephalon. These are the 
olfaetory bulbs (synapse point of eranial nerve I) and traets, 
optie nerves (eranial nerve II), optie ehiasma (where the 
fibers of the optie nerves partially eross over), optie traets, 
pituitary gland, and mammillary bodies. 

Brain Stem 

Continue inferiorly to identify the brain stem structures—the 
eerebral peduncles (fiber traets in the midbrain eonneeting 
the pons below with eerebram above), the pons, and the me- 
dulla oblongata. Pons means “bridge,” and the pons eonsists 
primarily of motor and sensory fiber traets eonneeting the 
brain with lower CNS eenters. The lowest brain stem region, 
the medulla oblongata, is also eomposed primarily of fiber 
traets. You ean see the decussation of pyramids, a erossover 
point for the major motor traets (pyramidal traets) deseend- 
ing from the motor areas of the eerebram to the eord, on the 
medulla’s surface. The medulla also houses many vital auto- 
nomie eenters involved in the eontrol of heart rate, respiratory 
rhythm, and blood pressure as well as involuntary eenters 
involved in vomiting, swallowing, and so on. 
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Figure 17.3 Ventral (inferior) aspeet of the human brain, shovving the three regions 
of the brain stem. Only a small portion of the midbrain ean be seen; the rest is 
surrounded by other brain regions. 


Cerebellum 

1. Turn the brain model so you ean see the dorsal aspeet. 
Identify the large cauliflower-like cerebellum, which pro- 
jeets dorsally from under the oeeipital lobes of the eerebram. 
Notiee that, like the eerebram, the cerebellum has two major 
hemispheres and a convoluted surface (see Figure 17.6). It 
also has an outer cortex made up of gray matter with an inner 
region of white matter. 

2. Remove the cerebellum to view the eorpora quad- 
rigemina (Figure 17.4), loeated on the posterior aspeet of 
the midbrain, a brain stem structure. The two superior promi- 
nenees are the superior colliculi (visual reflex eenters); the 
two smaller inferior prominenees are the inferior colliculi 
(auditory reflex eenters). H 


ACTI VITY 2 


Identifying Internal Brain Structures 

The deeper structures of the brain have also been well mapped. 
Like the external structures, these ean be studied in terms of 
the four major regions. As the internal brain areas are de- 
seribed, identify them on the figures eited. Also, use the brain 
model as indieated to help you in this study. 

Cerebral Hemispheres 

1. Take the brain model apart so you ean see a median 
sagittal view of the internal brain structures (Figure 17.4). 
Observe the model elosely to see the extent of the outer eor- 
tex (gray matter), which eontains the eell bodies of eerebral 
neurons. The pyramidal eells of the eerebral motor cortex 


(studied in Exercise 15 and Figure 15.5) are representative of 
the neurons seen in the preeentral gyras. 

2. Observe the deeper area of white matter, which is eom- 
posed of fìber traets. The fiber traets found in the eerebral hemi- 
sphere white matter are ealled assoeiation traets if they eonneet 
two portions of the same hemisphere, projeetion traets if they 
ran between the eerebral cortex and lower brain structures or 
spinal eord, and eommissnres if they ran from one hemisphere 
to another. Observe the large corpus callosum, the major eom- 
missure eonneeting the eerebral hemispheres. The corpus eal- 
losum arehes above the structures of the dieneephalon and roofs 
over the lateral ventrieles. Notiee also the fornix, a bandlike 
fìber traet eoneerned with olfaetion as well as limbie system 
fìinetions, and the membranous septrnn pellucidum, which 
separates the lateral ventrieles of the eerebral hemispheres. 

3. In addition to the gray matter of the eerebral cortex, there 
are several clusters of neuron eell bodies ealled nuclei buried 
deep within the white matter of the eerebral hemispheres. One 
important group of eerebral nuclei, ealled the basal nuclei 
or basal ganglia,* flank the lateral and third ventrieles. You 
ean see these nuclei if you have a disseetible model or a 
eoronally or eross-seetioned human brain sliee. (Otherwise, 
Figure 17.5 will suffice.) 

The basal nuclei, part of the indireet pathway, are in- 
volved in regulating voluntary motor aetivities. The most 
important of them are the arehing, eomma-shaped caudate 

*The historieal term for these nuclei, basal ganglia, is misleading 
because ganglia are PNS structures. Although teehnieally not the 
eorreet anatomieal term, “basal ganglia” is included here because it 
is widely used in elinieal settings. 
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Figure 17.4 Dieneephalon and brain stem structures as seen in a sagittal seetion of 
the brain. (a) Photograph. (b) Diagram. 


nucleus, the putamen, and the globus pallidus. The elosely 
assoeiated amygdaloid body (loeated at the tip of the caudate 
nucleus) is part of the limbie system. 

The eorona radiata, a spray of projeetion fibers cours- 
ing down from the preeentral (motor) gyrus, eombines with 


sensory fibers traveling to the sensory cortex to form a broad 
band of fibrous material ealled the internal capsule. The in- 
ternal capsule passes between the dieneephalon and the basal 
nuclei and through parts of the basal nuclei, giving them a 
striped appearanee. This is why the caudate nucleus and the 
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Figure 17.5 Basal nuclei. (a) Three-dimensional view of the basal nuclei showing their positions 
within the cerebrum. (b) A transverse seetion of the eerebmm and dieneephalon showing the 
relationship of the basal nuclei to the thalamus and the lateral and third ventrieles. 


putamen are sometimes referred to eolleetively as the stria- 
tum, or “striped body” (Figure 17.5a). 

4. Examine the relationship of the lateral ventrieles and 
corpus callosum to the dieneephalon structures; that is, thala- 
mus and third ventriele—from the eross-seetional viewpoint 
(see Figure 17.5b). 

Dieneephalon 

1. The maj or internal structures of the dieneephalon are the 
thalamus, hypothalamus, and epithalamus (see Figure 17.4). 


The thalanms eonsists of two large lobes of gray matter that 
laterally enelose the shallow third ventriele of the brain. A 
slender stalk of thalamie tissue, the interthalamie adhe- 
sion, or intermediate mass, eonneets the two thalamie 
lobes and bridges the ventriele. The thalamus is a major 
integrating and relay station for sensory impulses passing 
upward to the eortieal sensory areas for loealization and 
interpretation. Loeate also the interventricular foramen, a 
tiny opening eonneeting the third ventriele with the lateral 
ventriele on the same side. 
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Figure 17.6 Cerebellum. (a) Posterior (dorsal) view. (b) Seetioned to reveal the 
eerebellar cortex. (The cerebellum is seetioned eoronally and the brain stem is 
seetioned transversely in this posterior view.) 


2. The hypothalamus makes up the floor and the inferolat- 
eral walls of the third ventriele. It is an important autonomic 
eenter involved in regulation of body temperature, water bal- 
anee, and fat and earbohydrate metabolism as well as in 
many other aetivities and drives (sex, hunger, thirst). Loeate 
again the pituitary gland, which hangs from the anterior floor 
of the hypothalamus by a slender stalk, the infundibulum. 
The pituitary gland is usually not present in preserved brain 
speeimens. In life, the pituitary rests in the hypophyseal fossa 
of the sella turcica of the sphenoid bone. (Its function is dis- 
cussed in Exercise 27.) 

Anterior to the pituitary, identify the optie ehiasma por- 
tion of the optie pathway to the brain. The mammillary 
bodies, relay stations for olfaetion, bulge exteriorly from the 
floor of the hypothalamus just posterior to the pituitary gland. 

3. The epithalanms forms the roof of the third ventriele 
and is the most dorsal portion of the dieneephalon. Important 
structures in the epithalamus are the pineal gland (a neu- 
roendoerine structure), and the ehoroid plexus of the third 
ventriele. The ehoroid plexuses, knotlike eolleetions of eapil- 
laries within eaeh ventriele, form the eerebrospinal fluid. 

Brain Stem 

1. Now traee the short midbrain from the mammillary 
bodies to the rounded pons below. (Continue to refer to 
Figure 17.4). The eerebral aqueduct is a slender eanal trav- 
eling through the midbrain; it eonneets the third ventriele to 
the fourth ventriele in the hindbrain below. The eerebral 
peduncles and the rounded eorpora quadrigemina make up 
the midbrain tissue anterior and posterior (respeetively) to 
the eerebral aqueduct. 

2. Loeate the hindbrain structures. Traee the rounded pons 
to the medulla oblongata below, and identify the fourth 
ventriele posterior to these structures. Attempt to identify the 
single median aperture and the two lateral apertures, three 
openings found in the walls of the fourth ventriele. These 
apertures serve as passageways for eerebrospinal fluid to eir- 
culate into the subarachnoid spaee from the fourth ventriele. 

Cerebellum 

Examine the cerebellum. Notiee that it is eomposed of two 
lateral hemispheres, eaeh with three lobes ( anterior, poste- 


rior, and a deep flocculonodular) eonneeted by a midline 
lobe ealled the vermis (Figure 17.6). As in the eerebral 
hemispheres, the cerebellum has an outer eortieal area of 
gray matter and an inner area of white matter. The treelike 
branehing of the eerebellar white matter is referred to as the 
arbor vitae, or “tree of life.” The cerebellum is eoneerned 
with unconscious eoordination of skeletal muscle aetivity 
and eontrol of balanee and equilibrium. Fibers eonverge on 
the cerebellum from the equilibrium apparatus of the inner 
ear, visual pathways, proprioeeptors of tendons and skeletal 
muscles, and from many other areas. Thus the cerebellum 
remains eonstantly aware of the position and state of tension 
of the various body parts. M 

Meninges of the Brain 

The brain and spinal eord are eovered and proteeted by three 
eonneetive tissue membranes ealled meninges (Figure 17.7). 
The outermost meninx is the leathery dura mater, a double- 
layered membrane. One of its layers (the periosteal layer) is 
attaehed to the inner surface of the skull, forming the perios- 
teum. The other (the meningeal layer) forms the outermost 
brain eovering and is continuous with the dura mater of the 
spinal eord. 

The dural layers are fused together except in three plaees 
where the inner membrane extends inward to form a septum 
that secures the brain to structures inside the eranial eavity. 
One such extension, the falx eerebri, dips into the longitudi- 
nal fissure between the eerebral hemispheres to attaeh to the 
erista galli of the ethmoid bone of the skull (Figure 17.7a). The 
eavity ereated at this point is the large superior sagittal sinus, 
which eolleets blood draining from the brain tissue. The falx 
eerebelli, separating the two eerebellar hemispheres, and 
the tentorium eerebelli, separating the eerebmm from the 
cerebellum below, are two other important inward folds of the 
inner dural membrane. 

The middle meninx, the weblike araehnoid mater, 
underlies the dura mater and is partially separated from it 
by the subdural spaee. Threadlike projeetions bridge the 
subarachnoid spaee to attaeh the araehnoid to the innermost 
meninx, the pia mater. The delieate pia mater is highly 
vascular and elings tenaciously to the surface of the brain, 
following its convolutions. 


















Gross Anatomy of the Brain and Cranial Nerves 


283 



Superior sagittal sinus 


Subdural spaee 


Subarachnoid spaee 



Skin of sealp 
Periosteum 

Bone of skull 


Periosteal 

Meningeal 


Dura mater 


Araehnoid mater 
Pia mater 

Araehnoid villus 
Blood vessel 


Falx eerebri 
(in longitudinal 
fissure only) 


(a) 


Straight 

sinus 


Crista galli of the 
ethmoid bone 


Pituitary gland 



Superior 
sagittal sinus 


Falx eerebri 


Oeeipital lobe 


Tentorium 

eerebelli 


Falx eerebelli 


Cerebellum 


Araehnoid mater 
over medulla 
oblongata 



Parietal 

bone 

Sealp 


Dura mater 


Transverse 

sinus 

Temporal 

bone 


(b) 


(e) 


Figure 17.7 Meninges of the brain. (a) Three-dimensional frontal seetion shovving the 
relationship of the dura mater, araehnoid mater # and pia mater. The meningeal dura 
forms the falx eerebri fold, vvhieh extends into the longitudinal fissure and attaehes the 
brain to the ethmoid bone of the sku11. The superior sagittal sinus is enelosed by the dural 
membranes superiorly. Araehnoid vi11i # vvhieh return eerebrospinal fluid to the dural sinus # 
are also shovvn. (b) Midsagittal view showing the position of the dural folds: the falx cerebri # 
tentorium eerebelIi # and falx eerebelli. (e) Posterior view of the brain in place # surrounded by 
the dura mater. Sinuses between periosteal and meningeal dura eontain venous blood. 


In life, the subarachnoid spaee is filled with eerebro- 
spinal fluid. Speeialized projeetions of the araehnoid tis- 
sue ealled araehnoid villi protmde through the dura mater. 
These villi allow the eerebrospinal fhiid to drain baek into 
the venous circulation via the superior sagittal sinus and other 
dural sinuses. 

Meningitis, inflammation of the meninges, is a 



serious threat to the brain because of the intimate 
assoeiation between the brain and meninges. Should infeetion 
spread to the neural tissue of the brain itself, life-threatening 
eneephalitis may occur. Meningitis is often diagnosed by 
taking a sample of eerebrospinal fluid from the subarachnoid 
spaee. + 


Cerebrospinal Fluid 

The eerebrospinal fluid (CSF), much like plasma in eomposi- 
tion, is continually formed by the ehoroid plexuses, small 
eapillary knots hanging from the roof of the ventrieles of the 
brain. The eerebrospinal fluid in and around the brain forms a 
watery cushion that proteets the delieate brain tissue against 
blows to the head. 

Within the brain, the eerebrospinal fluid circulates from 
the two lateral ventrieles (in the eerebral hemispheres) into 
the third ventriele via the interventricular foramina, and 
then through the eerebral aqueduct of the midbrain into the 
fourth ventriele in the hindbrain (Figure 17.8). CSF enters 
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Exercise 17 
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(a) Anterior view 


(b) Left lateral view 
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Third ventriele 



Median aperture 


Spinal dura mater 


Oentral eanal 
of spinal eord 


Figure 17.8 Loeation and eireiilatory pattern of 
eerebrospinal fluid. (a, b) Brain ventrieles. Regions of the 
large lateral ventrieles are the anterior horn, posterior 
horn, and inferior horn. (e) Cerebrospinal fluid (CSF) flovvs 
from the lateral ventrieles, through the interventricular 
foramina into the third ventriele, and then ínto the 
fourth ventriele via the eerebral aqueduct. Most of the 
CSF circulates in the subarachnoid spaee and returns to 
the blood through araehnoid villi. 


(e) 
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the subarachnoid spaee through the three foramina in the 
walls of the fourth ventriele. There it bathes the outer surfaces 
of the brain and spinal eord. The fluid returns to the blood in 
the dural sinuses via the araehnoid villi. 

Ordinarily, eerebrospinal fluid forms and drains at 



a eonstant rate. However, under eertain eondi- 
tions—for example, obstmeted drainage or circulation result- 
ing from tumors or anatomieal deviations—eerebrospinal 
fluid accumulates and exerts inereasing pressure on the brain 
which, uncorrected, causes neurological damage in adults. In 
infants, hydrocephalus (literally, “water on the brain”) is 
indieated by a gradually enlarging head. The infant’s skull is 
still flexible and eontains fontanelles, so it ean expand to 
aeeommodate the inereasing size of the brain. + 


Cranial Nerves 

The eranial nerves are part of the peripheral nervous system 
and not part of the brain proper, but they are most appropri- 
ately identified while studying brain anatomy. The 12 pairs 
of eranial nerves primarily serve the head and neek. Only one 
pair, the vagus nerves, extends into the thoraeie and abdomi- 
nal eavities. All but the first two pairs (olfaetory and optie 
nerves) arise from the brain stem and pass through foramina 
in the base of the skull to reaeh their destination. 

The eranial nerves are numbered consecutively, and 
in most eases their names refleet the major structures they 
eontrol. The eranial nerves are deseribed by name, number 
(Roman numeral), origin, course, and function in the list 
(Table 17.1' . This information should be eommitted to mem- 
ory. A mnemonie deviee that might be helpful for remember- 
ing the eranial nerves in order is “(9n oeeasion, our /rusty 
/ruck aets/hnny—very good vehiele any/zow.” The first letter 
of eaeh word and the “a” and “h” of the final word “anyhow” 
will remind you of the first letter of the eranial nerve name. 

Most eranial nerves are mixed nerves (eontaining both 
motor and sensory fibers). But elose semtiny of the list 
(Table 17.1) will reveal that three pairs of eranial nerves 
(optie, olfaetory, and vestibulocochlear) are purely sensory 
in function. 

Reeall that the eell bodies of neurons are always loeated 
within the eentral nervous system (cortex or nuclei) or in spe- 
eialized eolleetions of eell bodies (ganglia) outside the CNS. 
Neuron eell bodies of the sensory eranial nerves are loeated 
in ganglia; those of the mixed eranial nerves are found both 
within the brain and in peripheral ganglia. 


AOTIVITY 3 


Identifying and Testing the Cranial Nerves 

1. Observe the ventral surface of the brain model to identify 
the eranial nerves. (Figure 17.9 may also aid you in this 
study.) Notiee that the first (olfaetory) eranial nerves are not 
visible on the model because they eonsist only of short axons 
that run from the nasal mucosa through the eribriform plate 
of the ethmoid bone. (However, the synapse points of the first 
eranial nerves, the olfaetory bulbs, are visible on the model.) 

2. Testing eranial nerves, is an important part of any neu- 
rologieal examination. (See the last column of Table 17.1 
for techniques you ean use for such tests.) Conduct tests of 
eranial nerve function following direetions given in the “test- 
ing” column of the table. The results may help you understand 


eranial nerve function, espeeially as it pertains to some 
aspeets of brain function. 

3. Several eranial nerve ganglia are named in the Aetivity 3 
ehart. JJsing your textbook or an appropriate referenee, fill in 
the ehart by naming the eranial nerve the ganglion is assoei- 
ated with and stating its loeation. wm 


Aetivity 3: Cranial Nerve Ganglia 


Cranial nerve 
ganglion 

Cranial nerve 

Site of ganglion 

Trigeminal 



Geniculate 



Inferior 



Superior 



Spiral 



Vestibular 





DISSECTIOIU: 

The Sheep Brain 

The sheep brain is enough like the human brain to warrant 
eomparison. Obtain a sheep brain, disposable gloves, disseet- 
ing tray, and instmments, and bring them to your laboratory 
beneh. 

1. Don disposable gloves. If the dura mater is present, 
remove it as deseribed here. Plaee the intaet sheep brain 
ventral surface down on the disseeting pan, and observe the 
dura mater. Feel its eonsisteney and note its toughness. Cut 
through the dura mater along the line of the longitudinal 
fissure (which separates the eerebral hemispheres) to enter 
the superior sagittal sinus. Gently foree the eerebral hemi- 
spheres apart laterally to expose the corpus callosum deep to 
the longitudinal fissure. 

2. Carefully remove the dura mater and examine the superior 
surface of the brain. Notiee that its surface, like that of the 
human brain, is thrown into convolutions (fissures and gyri). 
Loeate the araehnoid mater, which appears on the brain sur- 
faee as a delieate “eottony” material spanning the fissures. In 
eontrast, the innermost meninx, the pia mater, elosely follows 
the eerebral contours. 

3. Before beginning the disseetion, turn your sheep brain 
so that you are viewing its left lateral aspeet. Compare the 
various areas of the sheep brain (eerebmm, brain stem, eer- 
ebellum) to the photo of the human brain (Figure 17.10). 
Relatively speaking, which of these structures is obviously 
much larger in the human brain? 

Ventral Structures 

Turn the brain so that its ventral surface is uppermost. 
(Figure 17.11a and b shows the important features of the 
ventral surface of the brain.) 

1. Look for the clublike olfaetory bulbs anteriorly, on the 
inferior surface of the frontal lobes of the eerebral hemispheres. 
Axons of olfaetory neurons mn from the nasal mucosa through 
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Exercise 17 


Table 17.1 



The Cranial Nerves (see Figure 17.9) 


Number and name Origin and course 


I. Olfaetory Fibers arise from olfaetory 

epithelium and mn through 
eribriform plate of ethmoid 
bone to synapse in olfaetory 
bulbs. 


Function* 


Purely sensory—earries 
afferent impulses assoeiated 
with sense of smell. 


II. Optie 


Fibers arise from retina of 
eye to form the optie nerve 
and pass through optie eanal 
of orbit. Fibers partially eross 
over at the optie ehiasma and 
continue on to the thalamus as 
the optie traets. Final fibers of 
this pathway travel from the 
thalamus to the visual cortex as 
the optie radiation. 


Purely sensory—earries 
afferent impulses assoeiated 
with vision. 


III. Oculomotor 


IV. Troehlear 


V. Trigeminal 


VI. Abducens 


VII. Faeial 


Fibers emerge from dorsal 
midbrain and course ventrally 
to enter the orbit. They exit 
from skull via superior orbital 
fissure. 


Fibers emerge from midbrain 
and exit from skull via superior 
orbital fissure. 

Fibers run from faee to pons 
and form three divisions: 
mandibular division fibers 
pass through foramen ovale 
in sphenoid bone, maxillary 
division fibers pass via foramen 
rotundum in sphenoid bone, 
and ophthalmie division fibers 
pass through superior orbital 
fissure of eye soeket. 

Fibers leave inferior pons and 
exit from skull via superior 
orbital fissure to mn to eye. 

Fibers leave pons and travel 
through temporal bone via 
internal acoustic meatus, 
exiting via stylomastoid 
foramen to reaeh the faee. 


Primarily motor—somatie 
motor fibers to inferior 
oblique and superior, inferior, 
and medial rectus muscles, 
which direet eyeball, and to 
levator palpebrae muscles 
of the superior eyelid; 
parasympathetie fibers to 
iris and smooth muscle 
eontrolling lens shape (reflex 
responses to varying light 
intensity and focusing of eye 
for near vision). 

Primarily motor—provides 
somatie motor fibers to 
superior oblique muscle that 
moves the eyeball. 

Mixed—major sensory 
nerve of faee; conducts 
sensory impulses from skin 
of faee and anterior sealp, 
from mucosae of mouth and 
nose, and from surface of 
eyes; mandibular division 
also eontains motor fibers 
that innervate muscles of 
mastieation and muscles of 
floor of mouth. 

Carries somatie motor fibers 
to lateral rectus muscle that 
moves the eyeball. 

Mixed—supplies somatie 
motor fibers to muscles 
of faeial expression and 
parasympathetie motor fibers 
to laerimal and salivary 
glands; earries sensory 
fibers from taste reeeptors of 
anterior portion of tongue. 


Testing 

Person is asked to sniff aromatie 
substances, such as oil of eloves 
and vanilla, and to identify eaeh. 


Vision and visual field are 
determined with eye ehart and 
by testing the point at which 
the person first sees an objeet 
(finger) moving into the visual 
field. Fundus of eye viewed 
with ophthalmoseope to deteet 
papilledema (swelling of optie 
dise, or point at which optie nerve 
leaves the eye) and to observe 
blood vessels. 

Pupils are examined for size, 
shape, and equality. Pupillary 
reflex is tested with penlight 
(pupils should eonstriet when 
illuminated). Convergence 
for near vision is tested, as is 
subject’s ability to follow objeets 
with the eyes. 


Tested in eommon with eranial 
nerve III. 


Sensations of pain, touch, and 
temperature are tested with 
safety pin and hot and eold 
objeets. Corneal reflex tested 
with wisp of eotton. Motor braneh 
assessed by asking person to 
eleneh the teeth, open mouth 
against resistanee, and move 
jaw side to side. 


Tested in eommon with eranial 
nerve III. 

Anterior two-thirds of tongue is 
tested for ability to taste sweet 
(sugar), salty, sour (vinegar), 
and bitter (quinine) substances. 
Symmetry of faee is eheeked. 
Subject is asked to elose eyes, 
smile, whistle, and so on. Tearing 
is assessed with ammonia fumes. 
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Table 17.1 




(continued) 


Number and name 


VIII. Vestibulocochlear 


IX. Glossopharyngeal 


X. Vagus 


XI. Aeeessory 


XII. Hypoglossal 


Origin and course 

Fibers mn from inner-ear 
equilibrium and hearing 
apparatus, housed in temporal 
bone, through internal acoustic 
meatus to enter pons. 


Fibers emerge from medulla and 
leave skull via jugular foramen 
to run to throat. 


Fibers emerge from medulla and 
pass through jugular foramen 
and deseend through neek region 
into thorax and abdomen. 


Fibers arise from the superior 
aspeet of spinal eord, enter the 
skull, and then travel through 
jugular foramen to reaeh muscles 
of neek and baek. 


Fibers arise from medulla and 
exit from skull via hypoglossal 
eanal to travel to tongue. 


Function* 


Purely sensory—vestibular 
braneh transmits impulses 
assoeiated with sense of 
equilibrium from vestibular 
apparatus and semicircular 
eanals; eoehlear braneh 
transmits impulses assoeiated 
with hearing from eoehlea. 

Mixed—somatie motor fibers 
serve pharyngeal muscles, and 
parasympathetie motor fibers 
serve salivary glands; sensory 
fibers earry impulses from 
pharynx, tonsils, posterior 
tongue (taste buds), and from 
ehemoreeeptors and pressure 
reeeptors of earotid artery. 

Mixed—fibers earry somatie 
motor impulses to pharynx 
and larynx and sensory fibers 
from same structures; very 
large portion is eomposed of 
parasympathetie motor fibers, 
which supply heart and smooth 
muscles of abdominal viseeral 
organs; transmits sensory 
impulses from viseera. 

Mixed (but primarily motor 
in function)—provides 
somatie motor fibers to 
sternoeleidomastoid and 
trapezms muscles and to 
muscles of soft palate, 
pharynx, and larynx (spinal 
and medullary fibers 
respeetively). 

Mixed (but primarily motor 
in function)—earries somatie 
motor fibers to muscles of 
tongue. 


Testing 

Hearing is eheeked by air and bone 
conduction using tuning fork. 


A tongue depressor is used to eheek 
the position of the uvula. Gag and 
swallowing reflexes are eheeked. 
Subject is asked to speak and 
cough. Posterior third of tongue 
may be tested for taste. 


As for eranial nerve IX (IX and X 
are tested in eommon, sinee they 
both innervate muscles of throat 
and mouth). 


Sternoeleidomastoid and trapezius 
muscles are eheeked for strength 
by asking person to rotate head and 
shrng shoulders against resistanee. 


Person is asked to protmde and 
retraet tongue. Any deviations in 
position are noted. 


*Does not include sensory impulses from proprioeeptors. 


the perforated eribriform plate of the ethmoid bone to synapse 
with the olfaetory bulbs. 

How does the size of these olfaetory bulbs eompare with 
those of humans? 


Is the sense of smell more important as a proteetive and a 
food-getting sense in sheep or in humans? 


2. The optie nerve (II) earries sensory impulses from the 
retina of the eye. Thus this eranial nerve is involved in the 


sense of vision. Identify the optie nerves, optie ehiasma, and 
optie traets. 

3. Posterior to the optie ehiasma, two structures protmde 
from the ventral aspeet of the hypothalamus—the infundibu- 
lum (stalk of the pituitary gland) immediately posterior to 
the optie ehiasma and the mammillary body. Notiee that the 
sheep’s mammillary body is a single rounded eminenee. In 
humans it is a double structure. 

4. Identify the eerebral peduncles on the ventral aspeet of 
the midbrain, just posterior to the mammillary body of the 
hypothalamus. The eerebral peduncles are fiber traets eon- 
neeting the eerebmm and medulla oblongata. Identify the 
large oculomotor nerves (III), which arise from the ventral 
midbrain surface, and the tiny troehlear nerves (IV), which 
ean be seen at the junction of the midbrain and pons. Both of 
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Exercise 17 
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Vagus nerve (X) 
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Cerebellum 
Medulla oblongata 


Figure 17.9 Ventral aspeet of the human brain, shovving the eranial nerves. (See also Figure 17.3.) 



Figure 17.10 Photograph of lateral aspeet of the human 
brain. 

these eranial nerves provide motor fibers to extrinsic muscles 
of the eyeball. 

5. Move posteriorly from the midbrain to identify first the 
pons and then the medulla oblongata, both hindbrain strne- 
tures eomposed primarily of aseending and deseending fiber 
traets. 


6. Return to the junction of the pons and midbrain, and pro- 
eeed posteriorly to identify the following eranial nerves, all 
arising from the pons. Check them off as you loeate them. 

□ Trigeminal nerves (V), which are involved in chewing 
and sensations of the head and faee. 

□ Abducens nerves (VI), which abduct the eye (and thus 
work in conjunction with eranial nerves III and IV) 

□ Faeial nerves (VII), large nerves involved in taste sensa- 
tion, gland function (salivary and laerimal glands), and faeial 
expression. 

7. Continue posteriorly to identify and eheek off: 

□ Vestibulocochlear nerves (VIII), purely sensory nerves 
that are involved with hearing and equilibrium. 

□ Glossopharyngeal nerves (IX), which eontain motor 
fibers innervating throat structures and sensory fibers trans- 
mitting taste stimuli (in conjunction with eranial nerve VII). 

□ Vagus nerves (X), often ealled í4 wanderers,” which serve 
many organs of the head, thorax, and abdominal eavity. 

□ Aeeessory nerves (XI), which serve muscles of the 
neek, larynx, and shoulder; actually arise from the spinal 
eord (Ci through C 5 ) and travel superiorly to enter the skull 
before mnning to the muscles that they serve. 

□ Hypoglossal nerves (XII), which stimulate tongue and 
neek muscles. 
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17 




Troehlear nerve (IV) 


Abducens nerve (VI) 


Faeial nerve (VII) 


Vestibulocochlear 
nerve (VIII) 

Hypoglossal nerve (XII) 


Medulla oblongata 


Figure 17.11 intaet sheep brain. (a) Photograph of ventral view. (b) Diagrammatie 
ventral view. 
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Exercise 17 


Olfaetory bulb 


Cerebrum 


Cerebellum 


Medulla oblongata 


Spinal eord 


(e) 



Figure 17.11 (continued) intaet sheep brain. (e, d) Diagram 
dorsal view, respeetively. 


It is likely that some of the eranial nerves will have been bro- 
ken off during brain removal. If so, observe sheep brains of 
other students to identify those missing from your speeimen, 
using your eheek marks as a guide. 


Dorsal Structures 


1. Refer to the dorsal view illustrations (Figure 17.1 le) as a 
guide in identifying the following structures. Reidentify the 
now exposed eerebral hemispheres. How does the depth of 
the fissures in the sheep’s eerebral hemispheres eompare to 
that of the fissures in the human brain? 


2. Examine the cerebellum. Notiee that, in eontrast to the 
human cerebellum, it is not divided longitudinally, and that its 
fissures are oriented differently. What dural falx (falx eerebri 
or falx eerebelli) is missing that is present in humans? 


3. Loeate the three pairs of eerebellar peduncles, fiber traets 
that eonneet the cerebellum to other brain structures, by lift- 
ing the cerebellum dorsally away from the brain stem. The 
most posterior pair, the inferior eerebellar peduncles, eon- 
neet the cerebellum to the medulla. The middle eerebellar 
peduncles attaeh the cerebellum to the pons, and the superior 
eerebellar peduncles run from the cerebellum to the midbrain. 



and photograph of the 


4. To expose the dorsal surface of the midbrain, 
gently separate the eerebmm and cerebellum (as shown in 
Figiire 17.12.) Identify the eorpora quadrigemina, which 
appear as four rounded prominenees on the dorsal mid- 
brain surface. 

What is the function of the eorpora quadrigemina? 


Also loeate the pineal gland, which appears as a small oval 
protmsion in the midline just anterior to the eorpora quadri- 
gemina. 

Internal Structures 

1. The internal structure of the brain ean be examined only 
after further disseetion. Plaee the brain ventral side down on 
the disseeting tray and make a cut eompletely through it in 
a superior to inferior direetion. Cut through the longitudinal 
fissure, corpus callosum, and midline of the cerebellum. 
(Refer to Figure 17.13 as you work.) 

2. A thin nervous tissue membrane immediately ventral to 
the corpus callosum that separates the lateral ventrieles is the 
septum pellucidum. If it is still intaet, pieree this membrane 
and probe the lateral ventriele eavity. The fiber traet ventral 
to the septum pellucidum and anterior to the third ventriele is 
the fornix. 
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Oeeipital 
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eerebral 
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quadrigemina 


Cerebellum 


Figure 17.12 Means of exposing the dorsal midbrain 
structures of the sheep brain. 


How does the size of the fornix in this brain eompare with the 
size of the human fornix? 


Why do you suppose this is so? (Hint: What is the function of 
this band of fibers?) 


3. Identify the thalamus, which forms the walls of the third 
ventriele and is loeated posterior and ventral to the fomix. The 
intermediate mass spanning the ventricular eavity appears as an 
oval protmsion of the thalamie wall. Anterior to the intermediate 
mass, loeate the interventricular foramen, a eanal eonneeting the 
lateral ventriele on the same side with the third ventriele. 


4. The hypothalamus forms the floor of the third ventriele. 
Identify the optie ehiasma, infundibulum, and mammillary 
body on its exterior surface. You ean see the pineal gland at 
the superoposterior end of the third ventriele, just beneath the 
junction of the corpus callosum and fornix. 

5. Loeate the midbrain by identifying the eorpora quadrige- 
mina that form its dorsal roof. Follow the eerebral aqueduct 
(the narrow eanal eonneeting the third and fourth ventrieles) 
through the midbrain tissue to the fourth ventriele. Identify 
the eerebral peduncles, which form its anterior walls. 

6. Identify the pons and medulla oblongata, which lie 
anterior to the fourth ventriele. The medulla continues into 
the spinal eord without any obvious anatomieal ehange, but 
the point at which the fourth ventriele narrows to a small eanal 
is generally aeeepted as the beginning of the spinal eord. 

7. Identify the cerebellum posterior to the fourth ventriele. 
Notiee its internal treelike arrangement of white matter, the 
arbor vitae. 

8. If time allows, obtain another sheep brain and seetion 
it along the eoronal plane so that the cut passes through the 
infundibulum. Compare your speeimen with the photograph 
of a eoronal seetion (Figure 17.14), and attempt to identify 
all the structures shown in the figure. 



Cerebral 
hemisphere 

Corpus callosum 

Frontal lobe of 
cerebrum 


Fornix 



interthalamie 
adhesion 

(intermediate mass 
of thalamus) 

Cerebral peduncle 

Optie ehiasma 


Parietal lobe 

Cerebellum 

Pineal gland 
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quadrigemina 
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Pons 


Figure 17.13 Photograph of sagittal seetion of the sheep brain shovving internal structures. 
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Exercise 17 


Fornix 


Caudate 

nucleus 


Third — 
ventriele 



Lateral ventriele 

Third ventriele 

interthalamie 
adhesion 
(intermediate 
mass of thalamus) 

Thalamie nuclei 
Hypothalamus 


Figure 17.14 Coronal seetion of a sheep brain. Major structures include 
the thalamus # hypothalarrms, and lateral and third ventrieles. 


9. Check with y our instmetor to determine if a small portion 
of the spinal eord from your brain speeimen should be saved 
for spinal eord studies (Exercise 19.) Otherwise, dispose of 


all the organie debris in the appropriate laboratory eontainers 
and elean the laboratory beneh, the disseetion instmments, 
and the tray before leaving the laboratory. ■ 


GROUP GHALLENGE 1 


Odd (Cranial) Nerve Out 

The following boxes eaeh eontain four eranial nerves. 
One of the listed nerves does not share a eharaeteristie 
with the other three. Circle the eranial nerve that doesn’t 
belong with the others and explain why it is singled out. 


What eharaeteristie is it missing? Sometimes there may 
be nmltiple reasons why the eranial nerve doesn’t belong 
with the others. 


1. Which is the "odd" nerve? 

Why is it the odd one out? 

Optie nerve (II) 

Oculomotor nerve (III) 

Olfaetory nerve (1) 

Vestibulocochlear nerve (VIII) 


2. Which is the "odd" nerve? 

Why is it the odd one out? 

Oculomotor nerve (III) 

Troehlear nerve (IV) 

Abducens nerve (VI) 

Hypoglossal nerve (XII) 


3. Which is the "odd" nerve? 

Why is it the odd one out? 

Faeial nerve (VII) 

Hypoglossal nerve (XII) 

Trigeminal nerve (V) 

Glossopharyngeal nerve (IX) 





















Name_ 

Lab Time/Date 


The Hiiman Brain 



1. Mateh the letters on the diagram of the human brain (right lateral view) to the appropriate terms listed at the left. 


1. frontal lobe 


2. parietal lobe 


a 


3. temporal lobe 


b 


e 


4. preeentral gyms 


d 


5. parieto-oeeipital sulcus 


6. posteentral gyrns 


e 


7. lateral sulcus 


8. eentral sulcus 


9. cerebellum 


10. medulla 



11. oeeipital lobe 


12. pons 


f 


9 


h 


■ 

J 


k 



> 





In which of the eerebral lobes are the following functional areas found? 

auditory cortex:_ olfaetory cortex:- 

primary motor cortex:_ visual cortex:- 

primary sensory cortex:_ Broea’s area:- 

Which of the following structures are not part of the brain stem? (Circle the appropriate response or responses.) 

eerebral hemispheres pons midbrain cerebellum medulla dieneephalon 


4. Complete the following statements by writing the proper word or phrase on the eorresponding blanks at the right. 


A(n) 1 is an elevated ridge of eerebral tissue. The convolu- 
tions seen in the eerebmm are important because they inerease 
the _2 .Gray matter is eomposed of 3. White matter is eom- 
posed of 4. A fiber traet that provides for communication 
between different parts of the same eerebral hemisphere is 
ealled a(n) 5. whereas one that earries impulses from the 
eerebmm to lower CNS areas is ealled a(n) 6 traet. The 
caudate, putamen, and globus pallidus are eolleetively ealled 
the 7. 


1 . 

2 . 

3. 

4. 

5. 
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5. Identify the structures on the following sagittal view of the human brain stem and dieneephalon by matehing the numbered 
areas to the proper terms in the list. 

_a. cerebellum 

_b. eerebral aqueduct 

_e. (small part of) eerebral 

hemisphere 

_d. eerebral peduncle 

_e. ehoroid plexus 

_f. eorpora quadrigemina 

_g. corpus callosum 

_h. fornix 

_i. fourth ventriele 

_j. hypothalamus 

_k. interthalamie adhesion 

_1. mammillary bodies 

_m. medulla oblongata 

6. Using the terms from question 5, mateh the appropriate structures with the deseriptions given below. 

_ 1. site of regulation of body temperature and water balanee; most important autonomic eenter 

_ 2. consciousness depends on the function of this part of the brain 

_ 3. loeated in the midbrain; eontains reflex eenters for vision and audition 

_ 4. responsible for regulation of posture and eoordination of complex muscular movements 

_ 5. important synapse site for afferent fibers traveling to the sensory cortex 

_ 6. eontains autonomic eenters regulating blood pressure, heart rate, and respiratory rhythm, as well as coughing, 

sneezing, and swallowing eenters 

_ 7. large commissure eonneeting the eerebral hemispheres 

_ 8. fiber traet involved with olfaetion 

_ 9. eonneets the third and fourth ventrieles 

_10. eneloses the third ventriele 



n. optie ehiasma 

q. pons 

o. pineal gland 

r. septum pellucidum 

p. pituitary gland 

s. thalamus 
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7. Embryologieally, the brain arises from the rostral end of a tubelike structure that quickly beeomes divided into three major 
regions. Groups of structures that develop from the embryonie brain are listed below. Designate the embryonie origin of eaeh 
group as the hindbrain, midbrain, or forebrain. 

_1. the dieneephalon, including the thalamus, optie ehiasma, and hypothalamus 

_2. the medulla, pons, and cerebellum 

_3. the eerebral hemispheres 


8. What is the function of the basal nuclei? 


9. What is the striatum, and how is it related to the fibers of the internal capsule? 


10. A brain hemorrhage within the region of the right internal capsule results in paralysis of the left side of the body 


Explain why the left side (rather than the right side) is affeeted. 


11. Explain why trauma to the base of the brain is often much more dangerous than trauma to the frontal lobes. (Hint: Think 
about the relative functioning of the eerebral hemispheres and the brain stem structures. Which eontain eenters more vital to 
life?) 


12. In “split brain” experiments, the main commissure eonneeting the eerebral hemispheres is cut. First, name this commissure. 


Then, deseribe what results (in terms of behavior) ean be antieipated in such experiments. (Use an appropriate referenee if 
you need help with this one!) 





















296 


Revievv Sheet 17 


Meninges of the Brain 

13. Identify the meningeal (or assoeiated) structures deseribed below: 

_ 1. outermost meninx eovering the brain; eomposed of tough fibrous 

eonneetive tissue 

_ 2. innermost meninx eovering the brain; delieate and highly vascular 

_ 3. structures instmmental in returning eerebrospinal fluid to the 

venous blood in the dural sinuses 

_ 4. structure that forms the eerebrospinal fluid 

_ 5. middle meninx; like a cobweb in structure 

_ 6. its outer layer forms the periosteum of the skull 

_ 7. a dural fold that attaehes the eerebmm to the erista galli of the skull 

_ 8. a dural fold separating the eerebmm from the cerebellum 

Cerebrospinal Fluid 

14. Label the structures involved with circulation of eerebrospinal fluid on the aeeompanying diagram. 



Add arrows to the figure above to indieate the flow of eerebrospinal fluid from its formation in the lateral ventrieles to the 
site of its exit from the fourth ventriele. Then fill in the blanks in the following paragraph. 

1 _ 

2 _ 

3 _ 


Cerebrospinal fluid flows from the fourth ventriele into 
the 1 spaee surrounding the brain and spinal eord. 
From this spaee it drains through the 2 into the 3. 
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Cranial Nerves 

15. Using the terms below, eorreetly identify all structures indieated by leader lines on the diagram. 


a. 

abducens nerve (VI) 

• 

J- 

longitudinal fissure 

s. 

pituitary gland 

b. 

aeeessory nerve (XI) 

k. 

mammillary body 

t. 

pons 

e. 

cerebellum 

1 . 

medulla oblongata 

u. 

spinal eord 

d. 

eerebral peduncle 

m. 

oculomotor nerve (III) 

V. 

temporal lobe of eerebral hemisphere 

e. 

decussation of the pyramids 

n. 

olfaetory bulb 

w. 

trigeminal nerve (V) 

f. 

faeial nerve (VII) 

0 . 

olfaetory traet 

X. 

troehlear nerve (IV) 

g- 

frontal lobe of eerebral hemisphere 

P- 

optie ehiasma 

y- 

vagus nerve (X) 

h. 

glossopharyngeal nerve (IX) 

q- 

optie nerve (II) 

z. 

vestibulocochlear nerve (VIII) 

• 

ì. 

hypoglossal nerve (XII) 

r. 

optie traet 
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16. Provide the name and number of the eranial nerves involved in eaeh of the following aetivities, sensations, or disorders. 


1. rotating the head 


7. listening to music; seasiekness 


2. smelling a flower 

3. raising the eyelids; pupillary 
eonstrietion 

4. slowing the heart; inereasing 
motility of the digestive traet 


8. seeretion of saliva; tasting well- 
seasoned food 

9. involved in “rolling” the eyes (three 
nerves—provide numbers only) 

10. feeling a toothaehe 


5. involved in Bell’s palsy (faeial 
paralysis) 

6. chewing food 


11. reading the newspaper 

12. purely sensory in function (three 
nerves—provide numbers only) 


Disseetion of the Sheep Brain 

17. In your own words, deseribe the firmness and texture of the sheep brain tissue as observed when cutting into it. 


Because formalin hardens all tissue, what conclusions might you draw about the firmness and texture of living brain tissue? 


18. When eomparing human and sheep brains, you observe some profound differenees between them. Reeord your observations 
in the ehart below. 


Structure 

Human 

Sheep 

Olfaetory bulb 



Pons/medulla relationship 



Loeation of eranial nerve III 



Mammillary body 



Corpus callosum 



interthalamie adhesion 



Relative size of superior and inferior eol 1 icu 1 i 



Pineal gland 
































MATERIALS 

□ Oseilloseope and EEG lead-seleetor 
box or physiograph and high-gain 
preamplifier 

□ Cot (if available) or pillow 

□ Eleetrode gel 

□ EEG eleetrodes and leads 

□ Collodion gel or long elastie EEG straps 

i gppfljj* BIOPAC® BSL System for 

Windows with BSL software 
version 3.7.5 to 3.7.7, or BSL System for 
Mae OS X with BSL software version 3.7.4 
to 3.7.7, MP36/35 or MP45 data acquisition 
unit, PC or Mae computer, eleetrode lead 
set, disposable vinyl eleetrodes, Lyera® 
swim eap (such as Speedo® brand) or 
supportive wrap (such as 3M Coban™ 
Self-adhering Support Wrap) to press 
eleetrodes against head for improved 
eontaet, and a eot or lab beneh and pillow. 

lnstructors using the MP36 (or MP35/30) 
data acquisition unit with BSL software 
versions earlier than 3.7.5 (for Windows) 
and 3.7.4 (for Mae OS X) wi11 need slightly 
different ehannel settings and eolleetion 
strategies. lnstructions for using the older 
data acquisition unit ean be found on 
MasteringA&P. 


O 

1 . 

2 . 

3. 

4. 

5. 

6 . 


P 

1 . 


2 . 

3. 

4. 



BJEGTIVES 



Define eleetroeneephalogram (EEG), and discuss its elinieal signifieanee. 

Deseribe or reeognize typieal traeings of alpha, beta, theta, and delta 
brain waves, and indieate the eonditions when eaeh is most likely to 
occur. 

indieate the source of brain waves. 

Define alpha bloek. 

Monitorthe EEG in a human subject. 

Deseribe the effeet of a sudden sound, mental eoneentration, and 
respiratory alkalosis on the EEG. 




RE-LAB Q U I Z 

What does an eleetroeneephalogram (EEG) measure? 

a. eleetrieal aetivity of the brain 

b. eleetrieal aetivity of the heart 
e. emotions 

d. physieal aetivity of the subject 

Circle the eorreet underlined term. Alpha waves / Beta waves are typieal of 
the attentive or awake state. 

Circle True or False. Brain waves ean ehange with age, sensory stimuli, and 
the ehemieal state of the body. 

Where will you plaee the indifferent (ground) eleetrode on your subject? 

a. the earlobe 

b. the forehead 

e. overthe oeeipital lobe 

d. over the temporal bone 

During today's aetivity, students will instruct subjects to hyperventilate. 
What should the subjects do? 

a. breathe in a normal manner 

b. breathe rapidly 

e. breathe very slowly 

d. hold their breath until they almost pass out 


M 




MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PFIix 


' 


Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 


A s curious humans we are particularly interested in how the brain thinks, 

reasons, learns, remembers, and eontrols consciousness. As students 
we have learned that the brain aeeomplishes its tasks through eleetrieal 
aetivities of neurons. The remarkable noninvasive teehnologies of twenty-first- 
century neuroscience have advaneed our understanding of brain functions, 
as has the long-used technique of eleetroeneephalography—the reeording of 
eleetrieal aetivity from the surface portions of the brain. It is ineredible that 
the sophistieated equipment used to reeord an eleetroeneephalogram (EEG) is 
eommonly available in undergraduate laboratories. As you use it, you begin to 
explore the complex higher functions of the human brain. 
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Exercise 18 




1-second interval 


V^VW / V s/ VsAW 

Alpha waves —awake but relaxed 

Beta waves —awake, alert 



Theta waves —eommon in ehildren 



Delta waves —deep sleep 



Fìgure 18.1 Eleetroeneephalography and brain vvaves. (a) Sealp eleetrodes are 
positioned on the patient to reeord brain vvaves. (b) Typieal EEGs. 


I Brain Wave Patterns and 
the Eleetroeneephalogram 



The eleetroeneephalogram (EEG), a reeord of the eleetri- 
eal aetivity of the brain, ean be obtained through eleetrodes 
plaeed at various points on the skin or sealp of the head. This 
eleetrieal aetivity, which is reeorded as waves (Figure 18.1), 
represents the summed synaptie aetivity of many neurons. 

Certain eharaeteristies of brain waves are known. They 
have a frequency of 1 to 30 hertz (Hz) or eyeles per seeond, 
a dominant rhythm of 10 Hz, and an average amplitude (volt- 
age) of 20 to 100 mierovolts (fxV). They vary in frequency in 
different brain areas, oeeipital waves having a lower frequency 
than those assoeiated with the frontal and parietal lobes. 

The first of the brain waves to be deseribed by seien- 
tists were the alpha waves (or alpha rhythm). Alpha waves 
have an average frequency range of 8 to 13 Hz and are pro- 
duced when the individual is in a relaxed state with the eyes 
elosed. Alpha bloek, suppression of the alpha rhythm, occurs 
if the eyes are opened or if the individual begins to eoneen- 
trate on some mental problem or visual stimulus. Under these 
eonditions, the waves deerease in amplitude but inerease in 
frequency. Under eonditions of fright or excitement, the fre- 
quency inereases still more. 

Beta waves, elosely related to alpha waves, are faster (14 
to 30 Hz) and have a lower amplitude. They are typieal of the 
attentive or alert state. 

Very large (high-amplitude) waves with a frequency of 
4 Hz or less that are seen in deep sleep are delta waves. 
Theta waves are large, abnormally contoured waves with a 
frequency of 4 to 7 Hz. Although theta waves are normal in 
ehildren, they are abnormal in awake adults. 

Brain waves ehange with age, sensory stimuli, brain 
pathology, and the ehemieal state of the body. Glucose depri- 
vation, oxygen poisoning, and sedatives all interfere with the 
rhythmie aetivity of brain output by disturbing the metabolism 


of neurons. Sleeping individuals and patients in a eoma have 
EEGs that are slower (lower frequency) than the alpha rhythm 
of normal adults. Fright, epileptie seizures, and various types 
of dmg intoxication ean be assoeiated with eomparatively 
faster eortieal aetivity. As these examples show, impairment 
of eortieal function is indieated by neuronal aetivity that is 
either too fast or too slow; unconsciousness occurs at both 
extremes of the frequency range. 

Because spontaneous brain waves are always pres- 


ent, even during unconsciousness and eoma, the 
absenee of brain waves (a “flat” EEG) is taken as elinieal 
evidenee of death. The EEG is used elinieally to diagnose and 
loealize many types of brain lesions, including epileptie foei, 
infeetions, abseesses, and tumors. + 


A C T I V I T Y 1 


Observing Brain Wave Patterns Using 
an Oseilloseope or Physiograph 

If one eleetrode (the aetive eleetrode) is plaeed over a par- 
ticular eortieal area and another (the indifferent eleetrode) is 
plaeed over an inaetive part of the head, such as the earlobe, 
all of the aetivity of the cortex underlying the aetive eleetrode 
will, theoretieally, be reeorded. The inaetive area provides a 
zero referenee point, or a baseline, and the EEG represents 
the differenee between “aetivities” occurring under the two 
eleetrodes. 

L Connect the EEG lead-seleetor box to the oseilloseope 
preamplifier, or eonneet the high-gain preamplifier to the 
physiograph ehannel amplifier. Adjust the horizontal sweep 
and sensitivity aeeording to the direetions given in the instrn- 
ment manual or by your instmetor. 

2. Prepare the subject. The subject should lie undisturbed 
on a eot or on the lab beneh with eyes elosed in a quiet, 
dimly lit area. (Someone who is able to relax easily makes a 
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good subject.) Apply a small amount of eleetrode gel to the 
subject’s forehead above the left eye and on the left earlobe. 
Press an eleetrode to eaeh prepared area and secure eaeh by 
(1) applying a film of eollodion gel to the eleetrode surface 
and the adjaeent skin or (2) using a long elastie EEG strap 
(knot tied at the baek of the head). If eollodion gel is used, 
allow it to dry before you continue. 

3. Connect the aetive frontal lead (forehead) to the EEG 
lead-seleetor box outlet marked Í4 L Frontal.” Connect the 
lead from the indifferent eleetrode (earlobe) to the ground 
outlet (or to the appropriate input terminal on the high-gain 
preamplifier). 

4. Turn the oseilloseope or physiograph on, and observe the 
EEG pattern of the relaxed subject for a period of 5 minutes. 
If the subject is trnly relaxed, you should see a typieal alpha- 
wave pattern. (If the subject is unable to relax and the alpha- 
wave pattern does not appear in this time interval, test another 
subject.) Sinee the eleetrieal aetivity of muscles interferes 
with EEG reeordings, discourage all muscle movement dur- 
ing the monitoring period. If 60-eyele “noise” (appearing as 
fast, regular, low-amplitude waves superimposed on the more 
irregular brain waves) is present in your reeord because of the 
presenee of other eleetronie equipment, consult your instme- 
tor to eliminate it. 

5. Abmptly and loudly elap your hands. The subject’s eyes 
should open, and alpha bloek should occur. Observe the im- 
mediate brain wave pattern. How do the frequency and ampli- 
tude of the brain waves ehange? 


Would you eharaeterize this as beta rhythm? 
Why?_ 


6. Allow the subject about 5 minutes to aehieve eomplete 
relaxation onee again, then ask him or her to compute a num- 
ber problem that requires eoneentration (for example, add 
3 and 36, subtract 7, multiply by 2, add 50, ete.). Observe the 
brain wave pattern during the period of mental computation. 

Observations: 


7. Onee again allow the subject to relax until alpha rhythm 
resumes. Then, instmet him or her to hyperventilate for 
3 minutes. Be sure to tell the subject when to stop hyperventi- 
lating. Hyperventilation rapidly flushes earbon dioxide out of 
the lungs, deereasing earbon dioxide levels in the blood and 
producing respiratory alkalosis. 

Observe the ehanges in the rhythm and amplitude of the 
brain waves occurring during the period of hyperventilation. 


Observations: 


8. Think of other stimuli that might affeet brain wave pat- 
terns. Test your hypotheses. Deseribe what stimuli you tested 
and what responses you observed. 



AOTIVITY 2 


Eleetroeneephalography llsing BI0PAC® 

In this aetivity, the EEG of the subject will be reeorded during 
a relaxed state, first with the eyes elosed, then with the eyes 
open while silently counting to ten, and finally with the eyes 
elosed again. 

Setting Up the Equipment 

1. Connect the BIOPAC® unit to the computer and turn the 
computer ON. 

2. Make sure the BIOPAC® unit is OFF. 

3. Plug in the equipment (as shown in Figure 18.2). 

• Eleetrode lead set-CH 1 


BIOPAC® MP45 unit 


BIOPAC® MP36/35 unit 




Eleetrode lead set 


Figure 18.2 Setting up the BIOPAC® equipment. Plug 
the eleetrode set into ehannel 1. Eleetrode leads are 
shown eonneeted to the MP36/35 unit. 
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Red lead 
(+) 


VVhite lead 
(-) 


Blaek lead 
(Ground) 


Figure 18.3 Plaeement of eleetrodes and the 
appropriate attaehment of eleetrode leads by eolor. 


4. Turn the BIOPAC® unit ON. 

5. Attaeh three eleetrodes to the subject’s sealp and ear (as 
shown in Figure 18.3). Follow these important guidelines to 
assist in effeetive eleetrode plaeement: 

• Seleet subjects with the easiest aeeess to the sealp. 

• Move as much hair out of the way as possible. 

• Apply a dab of eleetrode gel to the spots where the elee- 
trodes will be attaehed. 

• Apply pressure to the eleetrodes for 1 minute to ensure 
attaehment. 

• Use a swimcap or supportive wrap to maintain attaehment. 

• Do not touch the eleetrodes while reeording. 

• The earlobe eleetrode may be folded under the lobe itself. 

6. When the eleetrodes are attaehed, the subject should lie 
down and relax with eyes elosed for 5 minutes before reeording. 

7. Start the BIOPAC® Student Lab program on the computer 
by double-clicking the ieon on the desktop or by following 
your instmetor’s guidance. 

8. Seleet lesson L03-EEG-1 from the menu, and eliek OK. 

9. Type in a filename that will save this subject’s data on the 
computer hard drive. You may want to use the subject’s last 
name followed by EEG-1 (for example, SmithEEG-1). Then 
eliek OK. 

10. During this preparation, the subject should be very still 
and in a relaxed state with eyes elosed. Allow the subject to 
relax with minimal stimuli. 


Calibrating the Equipment 

1. Make sure that the eleetrodes remain fìrmly attaehed to the 
surface of the sealp and earlobe. The subject should remain 
absolutely still and try to avoid movement of the body or faee. 


2. With the subject in a relaxed position, eliek Calibrate. 

3. You will be prompted to eheek eleetrode attaehment one 
final time. When ready, eliek OK; the computer will reeord 
for 8 seeonds and stop automatically. 



Figure 18.4 Example of ealibration data. 


4. Observe the reeording of the ealibration data (it should 
look like Figure 18.4 with baseline at zero). 

• If the data look very different, eliek Redo Calibration 
and repeat the steps above. 

• If the data look similar, proeeed to the next seetion. 

Reeording the Data 

1. The subject should remain relaxed with eyes elosed. 

2. After elieking Reeord, the “direetor” will instmet the 
subject to keep his or her eyes elosed for the first 20 seeonds 
of reeording, then open the eyes and mentally (not verbally) 
count to twenty, then elose the eyes again and relax for 20 
seeonds. The direetor will insert a marker by pressing the F4 
key (PC or Mae) when the eommand to open eyes is given, 
and another marker by pressing the F5 key (PC or Mae) when 
the subject reaehes the count of twenty and eloses the eyes. 
Click Suspend 20 seeonds after the subject reeloses the eyes. 

3. Observe the reeording of the data (it should look similar 
to the data in Figure 18.5). 

• If the subject moved too much during the reeording, it is 
likely that artifaet spikes will appear in the data. Remind 
the subject to be very still. 

• Look carefully at the alpha rhythm band of data. The 
intensity of the alpha signal should deerease during the 
“eyes open” phase of the reeording. If the data do not 
demonstrate this ehange, make sure that the eleetrodes are 
firmly attaehed. 

• If the data show artifaet spikes or the alpha signal fails to 
deerease when the eyes are open, eliek Redo. 



Figure 18.5 Example of EEG data. 
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• If the data look similar to the example (Figure 18.5), pro- 
eeed to the next step. 

4. When finished, eliek Done. If you are eertain you want to 
stop reeording, eliek YES. Remove the eleetrodes from the 
subject’s sealp. 

5. A pop-up window will appear. To reeord from another 
subject, seleet Reeord from another subject and return to 
step 5 under Setting Up the Equipment. If continuing to the 
Data Analysis seetion, seleet Analyze current data fíle and 
proeeed to step 2. 

Data Analysis 

1. If just starting the BIOPAC® program to perform data 
analysis, enter Review Saved Data mode and ehoose the file 
with the subject’s EEG data (for example, SmithEEG-1). 

2. Observe the way the ehannel numbers are designated: 
CH 40-alpha; CH 41-beta; CH 42-delta; and CH 43- 
theta. CH 1 (raw EEG) is hidden. The software used it to ex- 
traet and display eaeh frequency band. If you want to see CH 
1, hold down the Ctrl key (PC) or Option key (Mae) while 
using the cursor to eliek ehannel box 1 (the small box with a 
1 at the upper left of the sereen). 

3. To analyze the data, set up the first four pairs of ehanneE 
measurement boxes at the top of the sereen by seleeting the 
following ehannels and measurement types from the drop- 
down menus: 


ehannel 

Measiirement 

Data 

CH 40 

stddev 

alpha 

CH 41 

stddev 

beta 

CH 42 

stddev 

delta 

CH 43 

stddev 

theta 


stddev (standard deviation): This is a statistieal calculation 
that estimates the variability of the data in the area highlighted 
by the I-beam cursor. This function minimizes the effeets of 
extreme values and eleetrieal artifaets that may unduly influ- 
enee interpretation of the data. 

4. Use the arrow cursor and eliek the I-beam cursor box at 
the lower right of the sereen to aetivate the “area seleetion” 
function. Using the aetivated I-beam cursor, highlight the first 
20-seeond segment of EEG data, which represents the subject 
at rest with eyes elosed (Figure 18.6). 

5. Observe that the computer automatically calculates the std- 
dev for eaeh of the ehannels of data (alpha, beta, delta, and theta). 

6. Reeord the data for eaeh rhythm in the Standard Devia- 
tions ehart, rounding to the nearest 0.01 pV. 



Figure 18.6 Highlighting the first data segment. 


7. Repeat steps 4-6 to analyze and reeord the data for the 
next two segments of data, with eyes open, and with eyes 
reelosed. The triangular markers inserted at the top of the data 
should provide guidance for highlighting. 

8. To continue the analysis, ehange the settings in the first 
four pairs of channel/measurement boxes. Seleet the follow- 
ing ehannels and measurement types: 


ehannel 

Measurement 

Data 

CH 40 

Freq 

alpha 

CH 41 

Freq 

beta 

CH 42 

Freq 

delta 

CH 43 

Freq 

theta 


Freq (frequency): This gives the frequency in hertz (Hz) of 
an individual wave that is highlighted by the I-beam cursor. 

9. To view an individual wave from among the high- 
frequency waveforms, you must use the zoom function. To 
aetivate the zoom function, use the cursor to eliek the mag- 
nifying glass at the lower-right eorner of the sereen (near the 
I-beam cursor box). The cursor will beeome a magnifying 
glass. 

10. As the analysis begins, CH 40—the alpha data—will be 
automatically aetivated. To examine individual waves within 
the alpha data, eliek that band with the magnifying glass until 
it is possible to observe the peaks and troughs of individual 
waves within Segment 1. 

• To properly view eaeh of the waveforms, you may have to 
eliek the Display menu and seleet Autoscale Waveforms. 
This function reseales the data for the rhythm band that is 
seleeted. 


Standard Deviations (stddev) of Signals in Eaeh Segment 


Rhythm 

ehannel 

Eyes dosed 

Segment 1 

Seeonds 0-20 

Eyes open 

Segment 2 

Seeonds 21-40 

Eyes reelosed 

Segment 3 

Seeonds 41-60 

Alpha 

CH 40 




Beta 

CH 41 




Delta 

CH 42 




Theta 

CH 43 
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Exercise 18 



Figure 18.7 Highlighting a single alpha wave from peak 
to peak. 


Carefully examine all three segments of the beta rhythm 
reeord. Is there a differenee in eleetrieal aetivity in this 
frequency range when the eyes are open versus elosed? 
Deseribe what you observe. 


This time, eompare the intensity (height) of the alpha and beta 
waveforms throughout all three segments. Does the intensity 
of one signal appear more varied than the other in the reeord? 
Deseribe your observations. 


11. At this time, focus on alpha waves only. Reaetivate the 
I-beam cursor by elieking its box in the lower-right eorner. 
Highlight a single alpha wave from peak to peak (as shown 

in Figure 18.7). 

12. Read the calculated frequency (in Hz) in the measure- 
ment box for CH 40, and reeord this as the frequency of Wave 
1 for alpha rhythm in the Frequencies of Waves ehart. 

13. Use the I-beam cursor to seleet two more individual 
alpha waves and reeord their frequencies in the ehart. 

14. You will now perform the same frequency measurements 
for three waves in eaeh of the beta (CH 41), delta (CH 42), 
and theta (CH 43) data sets. Reeord these measurements in 
the ehart. 

15. Calculate the average of the three waves measured for 
eaeh of the brain rhythms, and reeord the average in the ehart. 

16. When finished, answer the following questions and then 
exit the program by going to the File menu at the top of the 
page and elieking Quit. 

Look at the waveforms you reeorded and carefully examine 
all three segments of the alpha rhythm reeord. Is there a dif- 
ferenee in eleetrieal aetivity in this frequency range when the 
eyes are open versus elosed? Deseribe your observations. 


Examine the data for the delta and theta rhythms. Is there any 
ehange in the waveform as the subject ehanges states? If so, 
deseribe the ehange observed. 


The degree of variation in the intensity of the signal was 
estimated by calculating the standard deviation of the waves 
in eaeh segment of data. In which time segment (eyes open, 
eyes elosed, or eyes reelosed) is the differenee in the standard 
deviations the greatest? 


Frequencies of Waves for Eaeh Rhythm (Hz) 

Rhythm 

ehannel 

Wave 1 

Wave 2 

Wave 3 

Average 

Alpha 

CH 40 





Beta 

CH 41 





Delta 

CH 42 





Theta 

CH 43 





























































Eleetroeneephalography 

Brain Wave Patterns and the Eleetroeneephalogram 




1. Define EEG _ 

2. Identify the type of brain wave pattern deseribed in eaeh statement below. 

_below 4 Hz; slow, large waves; normally seen during deep sleep 

_rhythm generally apparent when an individual is in a relaxed, nonattentive state with the eyes elosed 

_eorrelated to the alert state; usually about 14 to 30 Hz 

3. What is meant by the term alpha bloekl _ 


4. List at least four types of brain lesions that may be determined by EEG studies. 




5. What is the eommon result of hypoaetivity or hyperaetivity of the brain neurons? 

Observing Brain Wave Patterns 

6. How was alpha bloek demonstrated in the laboratory experiment?_ 


7. What was the effeet of mental eoneentration on the brain wave pattern? 


8. What effeet on the brain wave pattern did hyperventilation have? 
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Revievv Sheet 18 


Eleetroeneephalography Llsing BIOPAC® 

9. Observe the average frequency of the waves you measured for eaeh rhythm. Did the calculated average for eaeh fall within 
the speeified range indieated in the introduction to eneephalograms? 


10. Suggest the possible advantages and disadvantages of using eleetroeneephalography in a elinieal setting. 









MATERIALS 


□ Spinal eord model (eross seetion) 

□ Three-dimensional models or 
laboratory eharts of the spinal eord 
and spinal nerves 

□ Red and blue peneils 

□ Preserved eovv spinal eord seetions vvith 
meninges and nerve roots intaet (or 
spinal eord segment saved from the 
brain disseetion in Exercise 17) 

□ Disseeting instruments and tray 

□ Disposable gloves 

□ Stereomieroseope 

□ Prepared slide of spinal eord (x.s.) 

□ Compound mieroseope 



For instmetions on animal dissee- 
tions, see the disseetion exercises 
(starting on p. 697) in the eat and fetal pig 
editions of this manual. 


O 

1 . 

2 . 

3. 

4. 

5. 


BJECTIVES 

List tvvo major functions of the spinal eord. 

Define conus medullaris f cauda equina, and filum terminale. 



Name the meningeal eoverings of the spinal eord, and state their function. 

indieate tvvo major areas vvhere the spinal eord is enlarged, and explain 
the reasons for the enlargement. 

Identify important anatomieal areas on a model or image of a eross seetion 
of the spinal eord, and vvhere applieable name the neuron type found in 
these areas. 



6. Loeate on a diagram the fiber traets in the spinal eord, and state their 
functions. 


7. Note the number of pairs of spinal nerves that arise from the spinal eord, 
deseribe their division into groups, and identify the number of pairs in eaeh 
group. 

8. Deseribe the origin and fiber eomposition of the spinal nerves, 
differentiating betvveen roots, the spinal nerve proper, and rami, and 
discuss the result of transeeting these structures. 


9. Discuss the distribution of the dorsal and ventral rami of the spinal nerves. 

10. Identify the four major nerve plexuses on a model or image, name the major 
nerves of eaeh plexus, and deseribe the destination and function of eaeh. 


PRE-LAB Q U I Z 


M 



MasteringA&P @ For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you vvill find: 

• Praetiee Anatomy Lab PÁL 


PEx 




PhysioEx 

A&PFIix 


Praetiee quizzes, Flistology Atlas, eText, 
Videos, and more! 


J 


1. The spinal eord extends from the foramen magnum of the skull to the first 
or seeond lumbar vertebra, vvhere it terminates in the 

a. conus medullaris 

b. denticulate ligament 
e. filum terminale 

d. gray matter 

2. Hovv many pairs of spinal nerves do humans have? 

a. 10 e. 31 

b. 12 d. 47 

3. Circle the eorreet underlined term. In eross seetion, the grav / vvhite matter 
of the spinal eord looks like a butterfly or the letter H. 

4. Circle True or False. The eell bodies of sensory neurons are found in an 
enlarged area of the dorsal root ealled the gray commissure. 

5. Circle the eorreet underlined term. Fiber traets conducting impulses to the 
brain are ealled aseending or sensory / motor traets. 

6. Circle True or False. Because the spinal nerves arise from fusion of the 
ventral and dorsal roots of the spinal eord, and eontain motor and sensory 
fibers, all spinal nerves are eonsidered mixed nerves. 


(Text eontimies on next page.) 
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Exercise 19 


7. The ventral rami of all spinal nerves except T 2 through 
T 12 form complex netvvorks of nerves knovvn 

as_. 

a. fissures c. plexuses 

b. ganglia d. sulci 

8. Severe injuries to the_plexus cause vveakness 

or paralysis of the entire upper limb. 

a. braehial e. Iumbar 

b. eervieal d. saeral 


9. Circle True or False. The femoral nerve is the largest 
nerve from the saeral plexus. 

10. Circle the eorreet underlined term. The seiatie nerve 
divides into the tibial and posterior femoral cutaneous / 
eommon fibular nerves. 


T he eylindrieal spinal eord, a continuation of the brain 

stem, is an assoeiation and communication eenter. It 
plays a major role in spinal reflex aetivity and provides 
neural pathways to and from higher nervous eenters. 

Anatomy of the Spinal Cord 

Enelosed within the vertebral eanal of the spinal column, the 
spinal eord extends from the foramen magnum of the skull 
to the first or seeond lumbar vertebra, where it terminates 
in the eone-shaped conus medullaris (Figure 19.1). Like 
the brain, the eord is cushioned and proteeted by meninges. 
The dura mater and araehnoid meningeal eoverings extend 
beyond the conus medullaris, approximately to the level 
of S 2 , and the filum terminale, a fibrous extension of the 
pia mater, extends even farther into the eoeeygeal eanal 
to attaeh to the posterior coccyx. Denticulate ligaments, 
saw-toothed shelves of pia mater, secure the spinal eord to 
the bony wall of the vertebral column all along its length 
(Figure 19. le). 

The eerebrospinal fluid-filled meninges extend well 
beyond the end of the spinal eord, providing an excellent site 
for removing eerebrospinal fluid without endangering the 
delieate spinal eord. Analysis of the fluid ean provide impor- 
tant information about suspected baeterial or viral infeetions 
of the spinal eord or meninges. This procedure, ealled a lum- 
bar tap, is usually performed below L 3 . Additionally, “saddle 
bloek,” or caudal anesthesia for ehildbirth, is normally admin- 
istered (injeeted) between L 3 and L 5 . 

In humans, 31 pairs of spinal nerves arise from the spinal 
eord and pass through intervertebral foramina to serve the 
body area at their approximate level of emergenee. The eord 
is about the size of a finger in circumference for most of its 
length, but there are obvious enlargements in the eervieal and 
lumbar areas where the nerves serving the upper and lower 
limbs issue from the eord. 

Because the spinal eord does not extend to the end of the 
vertebral column, the spinal nerves emerging from the infe- 
rior end of the eord must travel through the vertebral eanal for 
some distanee before exiting at the appropriate intervertebral 
foramina. This eolleetion of spinal nerves passing through the 
inferior end of the vertebral eanal is ealled the cauda equina 
(Figure 19.la and d) because of its similarity to a horse’s tail 
(the literal translation of cauda equina). 


A C T I V I T Y 1 


Identifying Structures of the Spinal Cord 

Obtain a three-dimensional model or laboratory ehart of a 
eross seetion of a spinal eord and identify its structures as they 
are deseribed next. 

Gray Matter 

In eross seetion, the gray matter of the spinal eord looks 
like a butterfly or the letter H (Figure 19.2). The two dorsal 
projeetions are ealled the dorsal (posterior) horns. The two 
ventral projeetions are the ventral (anterior) horns. The 
tips of the ventral horns are broader and less tapered than 
those of the dorsal horns. In the thoraeie and lumbar regions 
of the eord, there is also a lateral outpocketing of gray mat- 
ter on eaeh side referred to as the lateral horn. The eentral 
area of gray matter eonneeting the two vertieal regions is 
the gray commissure, which surrounds the eentral eanal 
of the eord. 

Neurons with speeifie functions ean be loealized in the 
gray matter. The dorsal horns eontain interneurons and sen- 
sory fibers that enter the eord from the body periphery via 
the dorsal root. The eell bodies of these sensory neurons are 
found in an enlarged area of the dorsal root ealled the dorsal 
root ganglion. The ventral horns mainly eontain eell bodies 
of motor neurons of the somatie nervous system, which send 
their axons out via the ventral root of the eord to enter the 
adjaeent spinal nerve. Because they are formed by the fusion 
of the dorsal and ventral roots, the spinal nerves are mixed 
nerves eontaining both sensory and motor fibers. The lateral 
horns, where present, eontain nerve eell bodies of motor 
neurons of the autonomic nervous system, sympathetie divi- 
sion. Their axons also leave the eord via the ventral roots, 
along with those of the motor neurons of the ventral horns. 

White Matter 

The white matter of the spinal eord is nearly biseeted by fis- 
sures (Figure 19.2). The more open ventral fissure is the ven- 
tral median fissure, and the dorsal one is the shallow dorsal 
median sulcus. The white matter is eomposed of myelinated 
and nonmyelinated fibers—some mnning to higher eenters, 
some traveling from the brain to the eord, and some conduct- 
ing impulses from one side of the eord to the other. 
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Cervical 
enlargement 


Dura and 

araehnoid 

mater 


Lumbar 
enlargement 


Conus 
medullaris 


Coccygeal 
spinal nerv 


(a)The spinal eord and its nerve roots, with the bony 
vertebral arehes removed.The dura mater and 
araehnoid mater are cut open and refleeted laterally. 


Figure 19.1 Gross structure of the spinal 
eord, dorsal view. 


Terminus of 


oblongata 
of brain 


Spinal nerve 
rootlets 


Dorsal- 

median sulcus 
of spinal eord 



Spinal eord 


First lumbar - 
vertebral areh 
(cut aeross) 


Spinous- 

proeess of 
seeond lumbar 
vertebra 



(b) Cervical spinal eord 


(c)Thoracic spinal eord, showing 
denticulate ligaments. 


(d) Inferior end of spinal eord, showing 
conus medullaris, cauda equina, and 
filum terminale. 


Cranial 
dura mater 


Seetioned 
pedieles of 
eervieal 
vertebrae 



Vertebral 

areh 


Denticulate 

ligament 


Dorsal 

median 
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Dorsal root 


Spinal dura 
mater 
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equina 


Conus 

medullaris 


Filum 

terminale 
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Exercise 19 


Epidural spaee 
(eontains fat) 


Subdural spaee 


Pia mater 
Araehnoid mater 
Dura mater 


Subarachnoid 
spaee 

(eontains CSF) 


Spinal 

nerve 



Spinal meninges 


Bone of 
vertebra 


Dorsal root 
ganglion 


Body 

of vertebra 


(a) 


White — 
columns 


Dorsal root 
ganglion 


Spinal nerve 


Dorsal root 
(fans out into 
dorsal rootlets) 


Ventral root 
(derived from 
several ventral 
rootlets) 





Dorsal median sulcus 


Gray commissure 
Dorsal horn 
Ventral horn 

Lateral horn 



Gray 

matter 


Central 

eanal 

Ventral 

median 

fissure 

Pia mater 




Araehnoid 

mater 


Spinal dura 
mater 


(b) 


Figure 19.2 Anatomy of the human spinal eord. (a) Cross seetion through the spinal 
eord illustrating its relationship to the surrounding vertebra. (b) Anterior view of the 
spinal eord and its meningeal eoverings. 


Because of the irregular shape of the gray matter, 
the white matter on eaeh side of the eord ean be divided 
into three primary regions or white columns: the dorsal 
(posterior), lateral, and ventral (anterior) funic- 
uli. Eaeh funiculus eontains a number of fiber traets 


eomposed of axons with the same origin, terminus, and 
function. Traets conducting sensory impulses to the 
brain are ealled aseending or sensory traets; those ear- 
rying impulses from the brain to the skeletal muscles are 
deseending or motor traets. 
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Aseending traets 


Deseending traets 



Figure 19.3 Cross seetion of the spinal eord shovving the relative positioning of 
its major traets. 


Because it serves as the transmission pathway be- 
tween the brain and the body periphery, the spinal 
eord is extremely important functionally. Even though it is 
proteeted by meninges and eerebrospinal fluid in the vertebral 
eanal, it is highly vulnerable to traumatic injuries, such as 
might occur in an automobile aeeident. 

When the eord is transeeted (or severely traumatized), 
both motor and sensory functions are lost in body areas nor- 
mally served by that region and lower regions of the spinal 
eord. Injury to eertain spinal eord areas may even result in a 
permanent flaeeid paralysis of both legs, ealled paraplegia, 
or of all four limbs, ealled quadriplegia. + 


Lateral spinothalamie 
Ventral spinothalamie 
Lateral eortieospinal _ 
Ventral eortieospinal. 

Rubrospinal_ 

Teetospinal_ 


AGTIVITY 2 J 


Vestibulospinal 


Identifying Spinal Cord Traets 

With the help of your textbook, label the spinal eord diagram 
(Figure 19.3) with the traet names that follow. Eaeh traet is 
represented on both sides of the eord, but for elarity, label the 
motor traets on the right side of the diagram and the sensory 
traets on the left side of the diagram. Color aseending traets 
blue and deseending traets red. Then fill in the functional 
importanee of eaeh traet beside its name below. As you work, 
try to be aware of how the naming of the traets is related to 
their anatomieal distribution. 

Dorsal columns 


Medial reticulospinal_ 

Lateral reticulospinal_ Wk 

| ; |p| DISSEdlON: 

RM Spinal Cord 

1. Obtain a disseeting tray and instmments, disposable 
gloves, and a segment of preserved spinal eord (from a cow or 
saved from the brain speeimen used in Exercise 17). Identify 
the tough outer meninx (dura mater) and the weblike araeh- 
noid mater. 


Lasciculus graeilis 


What name is given to the third meninx, and where is it 
found? 


Lasciculus cuneatus 


Dorsal spinoeerebellar 
Ventral spinoeerebellar 
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Figure 19.4 Cross seetion of the spinal eord (10x). 


Peel baek the dura mater and observe the fibers making up 
the dorsal and ventral roots. If possible, identify a dorsal root 
ganglion. 


Spinal Nerves 
and Nerve Plexuses 


2. Cut a thin eross seetion of the eord and identify the ventral 
and dorsal horns of the gray matter with the naked eye or with 
the aid of a disseeting mieroseope. 

How ean you be eertain that you are eorreetly identifying the 
ventral and dorsal horns? 


Also identify the eentral eanal, white matter, ventral median 
fissure, dorsal median sulcus, and dorsal, ventral, and lateral 
funiculi. 

3. Obtain a prepared slide of the spinal eord (eross seetion) 
and a compound mieroseope. Examine the slide carefully 
under low power (refer to Figure 19.4 to identify spinal eord 
features). Observe the shape of the eentral eanal. 

Is it basieally circular or oval?_ 

Name the neuroglial eell type that lines this eanal_ 

Can any neuron eell bodies be seen?_ 

If so, where, and what type of neurons would these most 

likely be—motor, sensory, or interneuron?_ 



The 31 pairs of human spinal nerves arise from the 
fusions of the ventral and dorsal roots of the spinal eord (see 
Figure 19.2a). There are 8 pairs of eervieal nerves (C!-C 8 ), 
12 pairs of thoraeie nerves (T^-T^), 5 pairs of lumbar nerves 
(L^-L^), 5 pairs of saeral nerves (S^-S^), and 1 pair of eoe- 
eygeal nerves (eo^) (Figure 19.5a). The first pair of spinal 
nerves leaves the vertebral eanal between the base of the 
occiput and the atlas, but all the rest exit via the intervertebral 
foramina. The first through seventh pairs of eervieal nerves 
emerge above the vertebra for which they are named; C 8 
emerges between C 7 and T^. (Notiee that there are 7 eervi- 
eal vertebrae, but 8 pairs of eervieal nerves.) The remaining 
spinal nerve pairs emerge from the spinal eord area below the 
same-numbered vertebra. 

Almost immediately after emerging, eaeh nerve divides 
into dorsal and ventral rami. Thus eaeh spinal nerve is only 
about 1 or 2 em long. The rami, like the spinal nerves, eontain 
both motor and sensory fibers. The smaller dorsal rami serve 
the skin and musculature of the posterior body trnnk at their 
approximate level of emergenee. The ventral rami of spi- 
nal nerves T 2 through T 12 pass anteriorly as the intereostal 
nerves to supply the muscles of intereostal spaees, and the 
skin and muscles of the anterior and lateral trunk. The ventral 
rami of all other spinal nerves form complex networks of 
nerves ealled nerve plexuses. These plexuses primarily serve 
the muscles and skin of the limbs. The fibers of the ventral 
rami unite in the plexuses (with a few rami supplying fibers to 
more than one plexus). From the plexuses the fibers diverge 
again to form peripheral nerves, eaeh of which eontains fibers 
from more than one spinal nerve. (The four major nerve plex- 
uses and their ehief peripheral nerves are deseribed in Tables 
19.1-19.4 and illustrated in Figures 19.6-19.9. Their names 
and site of origin should be eommitted to memory). The tiny 
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Cervical plexus 

Ci-C 5 


Braehial plexus 

^5 -T-i 


Cervical 
enlargement 


intereostal 

nerves 


Lumbar 


enlargement 


Lumbar plexus 
Li-U 


Saeral plexus 
L 4 - S 4 


Cauda equina 


(a) 



nerve 
Co 



intereostal- 

nerve 

Dorsal root 
ganglion 

Dorsal root 


Dorsal ramus 
Ventral ramus 

Spinal nerve- 

Rami 
communicantes 

Sympathetie trunk 
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Lateral cutaneous- 

Anterior cutaneous 

Sternum 



Figure 19.5 Human spinal nerves. (a) Spinal nerves are 
shovvn at right; ventral rami and the major nerve plexuses 
are shovvn at left. (b) Relative distribution of the ventral 
and dorsal rami of a spinal nerve (eross seetion of thorax). 


Ventral rami 


Hypoglossal 
nerve (XII) 


Lesser oeeipital 
nerve 


Greater auricular 
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Figure 19.6 The eervieal plexus. The nerves eolored 
gray eonneet to the plexus but do not belong to it. (See 
Table 19.1.) 


S 5 and Coi spinal nerves contribute to a small plexus that 
serves part of the pelvie floor. 


Cervical Plexus and the Neek 

The eervieal plexus (Figure 19.6 and Fable 19.1) arises 
from the ventral rami of Q through C 5 to supply muscles of 
the shoulder and neek. The major motor braneh of this plexus 
is the phrenie nerve, which arises from C 3 through C 4 (plus 
some fibers from C 5 ) and passes into the thoraeie eavity in 
front of the first rib to innervate the diaphragm. The primary 
danger of a broken neek is that the phrenie nerve may be 
severed, leading to paralysis of the diaphragm and eessation 
of breathing. A jingle to help you remember the rami (roots) 
forming the phrenie nerves is “C 3 , C 4 , C 5 keep the diaphragm 
alive” 


Braehial Plexus and the llpper Limb 

The braehial plexus is large and complex, arising from the 
ventral rami of C 5 through C 8 and T^ (Table 19.2 . The 
plexus, after being rearranged consecutively into trnnks, divi- 
sions, and eords, finally beeomes subdivided into five major 
peripheral nerves (Figure 19.7). 

The axillary nerve, which serves the muscles and skin 
of the shoulder, has the most limited distribution. The large 
radial nerve passes down the posterolateral surface of the 
arm and forearm, supplying all the extensor muscles of 
the arm, forearm, and hand and the skin along its course. 


(Text eontiniies on page 316.) 
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Exercise 19 


Anterior 

divisions 


Posterior 

divisions 


Trunks 


Roots 


Dorsal scapular 

Nerve to 
subclavius 


Suprascapular 


Posterior 

divisions 


Cords 


Lateral 


Posterior 


Axillary 

Musculo- 
cutaneous 

Radial 

Median 
lllnar 



Medial 


(a) Roots (rami C 5 -T.,), trnnks, divisions, and eords 


Musculocutaneous 

nerve 


Axillary nerve 


Roots (ventral rami) 


Llpper 


Middle 


Lower 


Trnnks 


Radial nerve 
Median nerve 


Bieeps braehii 


Ulnar nerve 


Long thoraeie 

Medial peetoral 
Lateral peetoral 

Upper subscapular 
Lower subscapular 

Thoraeodorsal 
Medial cutaneous 
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(b) Cadaver photo 


(c)The major nerves of the upper limb 
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(d) Flowchart summarizing relationships within the braehial plexus 


Figure 19.7 The braehial plexus. (See Table 19.2.) 
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Table 19.1 



Branehes of the Cervical Plexus (See Figure 19.6) 


Nerves 


Ventral rami 


Structures served 


Cutaneous Branehes (Superficial) 

Lesser oeeipital 
Greater auricular 
Transverse eervieal 

Supraclavicular (medial, intermediate, and lateral) 
Motor Branehes (Deep) 

Ansa eerviealis (superior and inferior roots) 


Segmental and other muscular branehes 


Phrenie 


C 2 (C 3 ) 


C 2 ,c 

C 2 ,c 

C 3 ,C 


3 


3 


Ci-C 


3 


C,-C 5 


C 3 -C 5 


Skin on posterolateral aspeet of neek 
Skin of ear, skin over parotid gland 
Skin on anterior and lateral aspeet of neek 
Skin of shoulder and clavicular region 


Infrahyoid muscles of neek (omohyoid, sternohyoid, 
and sternothyroid) 

Deep muscles of neek (geniohyoid and thyrohyoid) and 
portions of sealenes, levator scapulae, trapezms, and 
sternoeleidomastoid muscles 

Diaphragm (sole motor nerve supply) 


Table 19.2 



Nerves 


Branehes of the Braehial Plexus (See Figure 19.7) 


Cord and ventral rami 


Structures served 


Axillary 


Posterior eord (C 5 , C 6 ) 


Musculocutaneous 


Median 


Ulnar 


Radial 


Dorsal scapular 
Long thoraeie 
Subscapular 


Lateral eord (C 5 -C 7 ) 


By two branehes, one from 
medial eord (C 8 , T^) and one 
from the lateral eord (C 5 -C 7 ) 


Medial eord (C 8 , Tj) 


Posterior eord (C 5 -C 8 , T^) 


Suprascapular 

Peetoral (lateral and medial) 


Branehes of C 5 rami 

Branehes of C 5 -C 7 rami 

Posterior eord; branehes of 
C 5 and C 6 rami 

Upper tmnk (C 5 , C 6 ) 

Branehes of lateral and medial 
eords (e^-T^) 


Muscular branehes: deltoid and teres minor muscles 
Cutaneous branehes: some skin of shoulder region 

Muscular branehes: flexor muscles in anterior arm (bieeps 
braehii, braehialis, eoraeobraehialis) 

Cutaneous branehes: skin on anterolateral forearm 
(extremely variable) 

Muscular branehes to flexor group of anterior forearm 
(palmaris longus, flexor earpi radialis, flexor digitomm 
superficialis, flexor pollieis longus, lateral half of flexor 
digitomm profundus, and pronator muscles); intrinsie 
muscles of lateral palm and digital branehes to the fingers 
Cutaneous branehes: skin of lateral two-thirds of hand on 
ventral side and dorsum of fingers 2 and 3 

Muscular branehes: flexor muscles in anterior forearm 
(flexor earpi ulnaris and medial half of flexor digitomm 
profundus); most intrinsie muscles of hand 
Cutaneous branehes: skin of medial third of hand, both 
anterior and posterior aspeets 

Muscular branehes: posterior muscles of arm and forearm 
(trieeps braehii, anconeus, supinator, braehioradialis, 
extensors earpi radialis longus and brevis, extensor earpi 
ulnaris, and several muscles that extend the fingers) 
Cutaneous branehes: skin of posterolateral surface of 
entire limb (except dorsum of fingers 2 and 3) 

Rhomboid imiseles and levator scapulae 

Serratus anterior muscle 

Teres major and subscapularis muscles 


Shoulder joint; supraspinatus and infraspinatus muscles 
Peetoralis major and minor muscles 
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Exercise 19 


The radial nerve is often injured in the axillary region by the 
pressure of a ernteh or by hanging one’s arm over the baek 
of a ehair. The median nerve passes down the anteromedial 
surface of the arm to supply most of the flexor muscles in the 
forearm and several muscles in the hand (plus the skin of the 
lateral surface of the palm of the hand). 

• Hyperextend your wrist to identify the long, obvious 
tendon of your palmaris longus muscle, which erosses the 
exact midline of the anterior wrist. Your median nerve lies 
immediately deep to that tendon, and the radial nerve lies just 
lateral to it. 

The musculocutaneous nerve supplies the arm muscles that 
flex the forearm and the skin of the lateral surface of the 
forearm. The ulnar nerve travels down the posteromedial 
surface of the arm. It courses around the medial epieondyle 
of the humerus to supply the flexor earpi ulnaris, the ulnar 
head of the flexor digitomm profundus of the forearm, and all 
intrinsie muscles of the hand not served by the median nerve. 
It supplies the skin of the medial third of the hand, both the 
anterior and posterior surfaces. Trauma to the ulnar nerve, 
which often occurs when the elbow is hit, produces a smarting 
sensation eommonly referred to as “hitting the funny bone.” 


Severe injuries to the braehial plexus cause weak- 
ness or paralysis of the entire upper limb. Such 
injuries may occur when the upper limb is pulled hard and the 
plexus is stretehed (as when a football taekler yanks the arm 
of the halfbaek), and by blows to the shoulder that foree the 
humerus inferiorly (as when a eyelist is pitehed headfirst off 
his motoreyele and grinds his shoulder into the pavement). + 


Liimbosaeral Plexus and 
the Lower Limb 

The lumbosacral plexus, which serves the pelvie region of 
the trnnk and the lower limbs, is actually a complex of two 
plexuses, the lumbar plexus and the saeral plexus (Figures 19.8 
and 19.9). These plexuses interweave eonsiderably and many 
fibers of the lumbar plexus contribute to the saeral plexus. 

The Lumbar Plexus 

The lrnnbar plexus arises from ventral rami of through 
L 4 (and sometimes T 12 ). Its nerves serve the lower abdomi- 
nopelvie region and the anterior thigh ( lable 19.3 and 
Figure 19.8). The largest nerve of this plexus is the femo- 
ral nerve, which passes beneath the inguinal ligament 
to innervate the anterior thigh muscles. The cutaneous 


Ventral rami 


lliohypogastrie 
llioinguinal- 

Genitofemoral ■ 

Lateral femoral 
cutaneous 

Obturator- 

Femoral- 

Lumbosacral - 
trunk 


Ventral 




Fígure 19.8 The lumbar plexus (anterior view.) 

(a) Spinal roots (ventral rami) and major branehes of the 
lumbar plexus. (b) Distribution of the major peripheral 
nerves of the lumbar plexus in the lower limb. (See 
Table 19.3.) 
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Table 19.3 



Branehes of the Liimbar Plexus (See Figure 19.8) 


Nerves 


Ventral rami 


Structures served 


Femoral 


Obturator 


Lateral femoral cutaneous 
Iliohypogastrie 


Ilioinguinal 


Genitofemoral 


Lo-L 


Lo-L 


L?, L 


3 


L 


1 


L 


ì 


L b L 


Skin of anterior and medial thigh via anterior femoral cutaneous braneh; skin of 
medial leg and foot, hip and knee joints via saphenous braneh; motor to anterior 
muscles (quadriceps and sartorius) of thigh and to pectineus, iliacus 

Motor to adductor magnus (part), longus, and brevis muscles, graeilis muscle of 
medial thigh, obturator externus; sensory for skin of medial thigh and for hip and 
knee joints 

Skin of lateral thigh; some sensory branehes to peritoneum 

Skin of lower abdomen and hip; muscles of anterolateral abdominal wall 
(obliques and transversus abdominis) 

Skin of external genitalia and proximal medial aspeet of the thigh; inferior 
abdominal muscles 

Skin of scrotum in males, of labia majora in females, and of anterior thigh 
inferior to middle portion of inguinal region; eremaster muscle in males 


branehes of the femoral nerve (median and anterior femo- 
ral cutaneous and the saphenous nerves) supply the skin of 
the anteromedial surface of the entire lower limb. 

The Saeral Plexus 

Arising from L 4 through S 4 , the nerves of the saeral plexus 
supply the buttock, the posterior surface of the thigh, and 


virtually all sensory and motor fibers of the leg and foot 
(Table 19.4 and Figiire 19.9). The major peripheral nerve of 
this plexus is the seiatie nerve, the largest nerve in the body. 
The seiatie nerve leaves the pelvis through the greater seiatie 
noteh and travels down the posterior thigh, serving its flexor 
muscles and skin. In the popliteal region, the seiatie nerve 
divides into the eommon fibular nerve and the tibial nerve, 


Ventral rami 
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trunk 
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(a) 


Figure 19.9 The saeral plexus (posterior view). 

(a) The spinal roots (ventral rami) and major branehes of 
the saeral plexus. (b) Distribution of the major periphera 
nerves of the saeral plexus in the lower limb. 

(See Table 19.4.) 
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Exercise 19 


Table 19.4 



Branehes of the Saeral Plexus (See Figure 19.9) 


Nerves 


Ventral rami Structures served 


Seiatie nerve 


L/i-S 


Tibial (including sural, medial and 
lateral plantar, and medial 
ealeaneal branehes) 


Common fibular (superficial 
and deep branehes) 


Superior gluteal 
Inferior gluteal 
Posterior femoral cutaneous 


Pudendal 


3 


L/i-S 


3 


L/i-S 


L 4 -Si 

L5-S2 

S1-S3 


So-S 


Composed of two nerves (tibial and eommon fibular) in a eommon sheath; they 
diverge just proximal to the knee 

Cutaneous branehes: to skin of posterior surface of leg and sole of foot 
Motor branehes: to muscles of baek of thigh, leg, and foot (hamstrings [except 
short head of bieeps femoris], posterior part of adductor magnus, trieeps surae, 
tibialis posterior, popliteus, flexor digitomm longus, flexor hallucis longus, and 
intrinsie muscles of foot) 

Cutaneous branehes: to skin of anterior and lateral surface of leg and dorsum 
of foot 

Motor branehes: to short head of bieeps femoris of thigh, fibularis muscles 
of lateral leg, tibialis anterior, and extensor muscles of toes (extensor halhieis 
longus, extensors digitomm longus and brevis) 

Motor branehes: to gluteus medius and minimus and tensor faseiae latae 
Motor branehes: to gluteus maximus 

Skin of buttock, posterior thigh, and popliteal region; length variable; may also 
innervate part of skin of ealf and heel 

Supplies most of skin and muscles of perineum (region eneompassing external 
genitalia and anus and including elitoris, labia, and vaginal mucosa in females, 
and scrotum and penis in males); external anal sphineter 


which together supply the balanee of the leg muscles and skin, 
both direetly and via several branehes. 

Injury to the proximal part of the seiatie nerve, as 


might follow a fall or dise herniation, results in a 
number of lower limb impairments. Seiatiea (si-at'ì-kah), 
eharaeterized by stabbing pain radiating over the course of the 
seiatie nerve, is eommon. When the seiatie nerve is eom- 
pletely severed, the leg is nearly useless. The leg eannot be 
flexed and the foot drops into plantar flexion (dangles), a 
eondition ealled footdrop. + 


A C T I V I T Y 3 


Identifying the Major Nerve Plexuses 
and Peripheral Nerves 

Identify eaeh of the four major nerve plexuses and their 
major nerves (Figures 19.6-19.9) on a large labora- 
tory ehart or model. Traee the courses of the nerves and 
relate those observations to the information provided 
(Tables 19.1-19.4). H 



GROUP GHALLENGE 


Fix the Sequence 

Listed below are sets of a plexus, a nerve, and a muscle 
possibly innervated by the listed nerve. Working in small 
groups, deeide if eaeh set is eorreet for the sequence of a 
motor signal or needs to be eorreeted. If eorreet, simply 
write “all eorreet.” If ineorreet, suggest a eorreeted flow. 
Note that there may be more than one way to eorreet the 
sequence. Depend only on eaeh other. Refrain from using a 
figure or other referenee to help with your deeision. 

1. Cervical plexus, phrenie nerve, diaphragm_ 


2. Braehial plexus, ulnar nerve, palmaris longus 


3. Braehial plexus, radial nerve, trieeps braehii 


4. Cervical plexus, axillary nerve, deltoid 


5. Lumbar plexus, femoral nerve, graeilis 


6. Lumbar plexus, seiatie nerve, eommon fibular nerve, 
tibialis anterior_ 


7. Saeral plexus, superior gluteal nerve, gluteus 
maximus_ 






















Name_ 

Lab Time/Date 



Anatomy of the Spinal Cord 

1. Mateh eaeh anatomieal term in the key to the deseriptions given below. 

Key: a. cauda equina b. conus medullaris e. filum terminale d. foramen magnum 

_ 1. most superior boundary of the spinal eord 

_ 2. meningeal extension beyond the spinal eord terminus 

_ 3. spinal eord terminus 

_ 4. eolleetion of spinal nerves traveling in the vertebral eanal below the terminus of the spinal eord 

2. Mateh the key letters on the diagram with the following terms. 



1 . 

2 . 

3. 

4. 

5. 


araehnoid mater 

6. dorsal root of 
spinal nerve 

11. 

spinal nerve 

eentral eanal 

7. dura mater 

12. 

ventral horn 

dorsal horn 

dorsal ramus of 

8. gray commissure 

13. 

ventral ramus of 
spinal nerve 

spinal nerve 

9. lateral horn 

14. 

ventral root of spinal nerve 

dorsal root ganglion 

10. pia mater 

15. 

white matter 
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Revievv Sheet 19 


3. Choose the proper answer from the following key to respond to the deseriptions relating to spinal eord anatomy. (Some terms 


are used more than onee.) 


Key: 


a. sensory 


b. motor 


e. both sensory and motor 


d. interneurons 


1. neuron type found in dorsal horn 


4. fiber type in ventral root 


2. neuron type found in ventral horn 


5. fiber type in dorsal root 


3. neuron type in dorsal root ganglion 


6. fiber type in spinal nerve 


4. Where in the vertebral column is a lumbar puncture generally done? 


Why is this the site of ehoiee? 


5. The spinal eord is enlarged in two regions, the 


and the 


regions 


What is the signifieanee of these enlargements? 


6 . How does the position of the gray and white matter differ in the spinal eord and the eerebral hemispheres? 


7. From the key, ehoose the name of the traet that might be damaged when the following eonditions are observed. (More than 
one ehoiee may apply; some terms are used more than onee.) 


1 . 

2 . 

3. 

4. 

5. 


uncoordinated movement 

Key: a. 

dorsal columns (fasciculus cuneatus 
and fasciculus graeilis) 

laek of voluntary movement 

b. 

lateral eortieospinal traet 

e. 

ventral eortieospinal traet 

tremors, jerky movements 

d. 

teetospinal traet 

e. 

mbrospinal traet 

diminished pain pereeption 

f. 

vestibulospinal traet 

g- 

lateral spinothalamie traet 

diminished sense of touch 

h. 

ventral spinothalamie traet 


Disseetion of the Spinal Cord 

8. Compare and eontrast the meninges of the spinal eord and the brain. 


9. How ean you distinguish between the dorsal and ventral horns? 
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Spinal Nerves and Nerve Plexuses 

10. In the human, there are 31 pairs of spinal nerves, named aeeording to the region of the vertebral column from which they 
issue. The spinal nerves are named below. indieate how they are numbered. 


eervieal nerves 


saeral nerves 


lumbar nerves 


thoraeie nerves 


11. The ventral rami of spinal nerves Q through T^ and T 12 through S 4 take part in forming 


which serve the 


of the body. The ventral rami of T 2 through T 12 run 


between the ribs to serve the 


. The dorsal rami of the spinal nerves 


serve 


12. What would happen if the following structures were damaged or transeeted? (Use the key ehoiees for responses.) 


Key: a. loss of motor function 


b. loss of sensory function 


e. loss of both motor and sensory function 


1. dorsal root of a spinal nerve 


3. ventral ramus of a spinal nerve 


2. ventral root of a spinal nerve 


13. Define plexus. 


14. Name the major nerves that serve the following body areas. 

- 1. head, neek, shoulders (name plexus only) 

- 2. diaphragm 

- 3. posterior thigh 

- 4. leg and foot (name two) 

- 5. anterior forearm muscles (name two) 

- 6. arm muscles (name two) 

- 7. abdominal wall (name plexus only) 

- 8. anterior thigh 

- 9. 


medial side of the hand 
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The Aiitonomie 


Nervous 




A T E 



I A L S 


□ Laboratory ehart or three-dimensional 
model of the sympathetie trunk (ehain) 



BIOPAG 


® 


BIOPAC® BSL System for 
Windows with BSL software 


version 3.7.5 to 3.7.7, or BSL System for 
Mae OS X with BSL software version 
3.7.4 to 3.7.7, MP36/35 data acquisition 
unit, PC or Mae computer, respiratory 
transducer belt, EDA/GSR finger leads 
or disposable finger eleetrodes with 
EDA pineh leads, eleetrode lead set, 
disposable vinyl eleetrodes, conduction 
gel, and nine SVi x 11 ineh sheets of 
paper of different eolors (white, blaek, 
red, blue, green, yellow, orange, 
brown, and purple) to be viewed in 
this sequence. 

lnstructors using the MP36 (or MP35/30) 
data acquisition unit with BSLsoftware 
versions earlier than 3.7.5 (for Windows) 
and 3.7.4 (for Max OS X) will need slightly 
different ehannel settings and eolleetion 
strategies. lnstructions for using the older 
data acquisition unit ean be found on 
MasteringA&P. 

For instmetions on animal disseetions. 



see the disseetion exercises (starting 
on p. 697) in the eat and fetal pig editions 
of this manual. 


OBJECTIVES 

1. Identify the site of origin and the function of the sympathetie and 
parasympathetie divisions of the autonomic nervous system. 

2. State how the autonomic nervous system differs from the somatie 
nervous system. 

3. Identify the neurotransmitters assoeiated with the sympathetie and 
parasympathetie fibers. 

4. Reeord and analyze data assoeiated with the galvanie skin response. 




PRE-LAB Q U I Z 

1. The_nervous system is the subdivision of the peripheral 

nervous system that regulates body aetivities that are generally not under 
conscious eontrol. 

a. autonomic e. somatie 

b. eephalie d. vascular 

2. Circle the eorreet underlined term. The parasympathetie division of the 
autonomic nervous system is also known as the eraniosaeral / thoracolumbar 
division. 

3. Circle True or False. eholinergie fibers release epinephrine. 

4. The_division of the autonomic nervous system is 

responsible for the "fight-or-flight" response because it adapts the body for 
extreme eonditions such as exercise. 

5. Circle True or False. The galvanie skin response measures an inerease in 
water and eleetrolytes at the skin surface. 


M 




MasteringA&P @ For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PAL 


PhysioEx 


PEx 



A&PFIix A&PFIix 

Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 


T he autonomic nervous system (ANS) is the subdivision of the peripheral 

nervous system (PNS) that regulates body aetivities that are generally not 
under conscious eontrol. It is eomposed of a speeial group of motor neu- 
rons serving smooth muscle, eardiae muscle, and glands. The ANS is also ealled 
the involmtary nervous system, which refleets its subconscious eontrol. 

There is a basie anatomieal differenee between the motor pathways of the 
somatie (voluntary) nervous system, which innervates the skeletal muscles, and 
those of the autonomic nervous system. In the somatie division, the eell bodies of 
the motor neurons reside in the brain stem or ventral horns of the spinal eord, and 
their axons, sheathed in eranial or spinal nerves, extend direetly to the skeletal 
muscles they serve. However, the autonomic nervous system eonsists of ehains of 
two motor neurons. The first motor neuron of eaeh pair, ealled the preganglionie 
neuron, resides in the brain stem or lateral horn of the spinal eord. Its axon leaves 
the eentral nervous system (CNS) to synapse with the seeond motor neuron, the 
postganglionie neuron, whose eell body is loeated in a ganglion outside the CNS. 
The axon of the postganglionie neuron then extends to the organ it serves. 
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Exercise 20 


Parasympathetie Sympathetie 



Figure 20.1 Overview of the subdivisions of the 
autonomic nervous system. The parasympathetie and 
sympathetie divisions differ anatomieally in (1) the 
sites of origin of their nerves # (2) the relative lengths 
of preganglionie and postganglionie fibers, and (3) 
the loeations of their ganglia. Although sympathetie 
innervation to the skin ( * } is shown only for the eervieal 
area, all nerves to the periphery earry postganglionie 
sympathetie fibers. 


The ANS has two major functional subdivisions 
(Figure 20.1): the sympathetie and parasympathetie divi- 
sions. Both serve most of the same organs but generally cause 
opposing, or antagonistie, effeets. 

Parasympathetie (Craniosacral) 
Division 

The preganglionie neurons of the parasympathetie, or era- 
niosaeral, division are loeated in brain stem nuclei of era- 
nial nerves III, VII, IX, X and in the S 2 through S 4 level of 
the spinal eord. The axons of preganglionie neurons of the 
eranial region travel in their respeetive eranial nerves to the 
immediate area of the head and neek organs to be stimulated. 
There in a terminal, or intramural (literally, “within the 
walls”), ganglion they synapse with postganglionie neurons. 
The postganglionie neuron then sends out a very short post- 
ganglionie axon to the organ it serves. In the saeral region, 
the preganglionie axons leave the ventral roots of the spinal 
eord and eolleetively form the pelvie splanehnie nerves, 


which travel to the pelvie eavity. In the pelvie eavity, the pre- 
ganglionie axons synapse with the postganglionie neurons in 
ganglia loeated on or elose to the organs served. 

Sympathetie (Thoracolumbar) 
Division 

The preganglionie neurons of the sympathetie, or thoraeo- 
lumbar, division are loeated in the lateral horns of the gray 
matter of the spinal eord from T^ through L 2 . The pregan- 
glionie axons leave the eord via the ventral root with the axons 
of the somatie motor neurons. They enter the spinal nerve, and 
then travel briefly in the ventral ramus (Figure 20.2). From 
the ventral ramus, they pass through a small braneh ealled the 
white ramus communicans to enter a sympathetie trunk 
ganglion. These two trnnks or ehains lie alongside the verte- 
bral column and are also ealled paravertebral ganglia. 

Having reaehed the ganglion, a preganglionie axon may 
take one of three main courses (Figure 20.2b). First, it may 
synapse with a postganglionie neuron in the sympathetie 
trank at that level. Seeond, the axon may travel upward or 
downward through the sympathetie trank to synapse with a 
postganglionie neuron at another level. In either of these two 
instanees, the postganglionie axons then reenter the spinal 
nerve via a gray ramus communicans and travel in branehes 
of a dorsal or ventral ramus to innervate skin structures 
including sweat glands, arreetor pili muscles attaehed to hair 
follieles, and the smooth muscles of blood vessel walls and 
thoraeie organs. Third, the axon may pass through the gan- 
glion without synapsing and form part of a splanehnie nerve, 
which travels to the viseera to synapse with a postganglionie 
neuron in a eollateral, or prevertebral, ganglion. The major 
eollateral ganglia—the eeliae, superior mesenterie, inferior 
mesenterie, and inferior hypogastrie ganglia —supply the 
abdominal and pelvie viseeral organs. The postganglionie 
axon then leaves the ganglion and travels to a nearby viseeral 
organ that it innervates. 


A C T I V I T Y 1 


Loeating the Sympathetie Trunk 

Loeate the sympathetie trank (ehain) on the spinal nerve ehart 
or three-dimensional model. H 

Autonomic Functioning 

As noted earlier, most body organs served by the autonomic 
nervous system reeeive fibers from both the sympathetie 
and parasympathetie divisions. The only exceptions are the 
structures of the skin (sweat glands and arreetor pili muscles 
attaehed to the hair follieles), the adrenal medulla, and essen- 
tially all blood vessels except those of the external genitalia, 
all of which reeeive sympathetie innervation only. When both 
divisions serve an organ, they usually have opposite effeets. 
This is because their postganglionie axons release differ- 
ent neurotransmitters. The parasympathetie fibers, ealled 
eholinergie fíbers, release aeetyleholine; the sympathetie 
postganglionie fibers, ealled adrenergie fíbers, release nor- 
epinephrine. However, there are isolated examples of post- 
ganglionie sympathetie fibers, such as those serving sweat 
glands that release aeetyleholine. The preganglionie fibers of 
both divisions release aeetyleholine. 
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Lateral horn 
(viseeral motor zone) 


Dorsal root 


Spinal eord 


Dorsal root 
ganglion 

Ventral root 


Rib 


Sympathetie 
trunk ganglion 


Sympathetie 

trunk 


Ventral ramus 
of spinal nerve 


Gray ramus 
communicans 


White ramus 
communicans 



Thoraeie 
splanehnie nerves 


(a) Loeation of the sympathetie trunk 


Effeetors 


Skin (arreetor 
pili muscles 
and sweat 
glands) 


Blood vessels 



Dorsal root ganglion 


Dorsal ramus of 
spinal nerve 

Ventral ramus of 
spinal nerve 


Gray ramus 


commumcans 


White ramus 


commumcans 


Abdominal 
organs 
(e.g., intestine) 




(5) Synapse in a distant eollateral 


ganglion anterior to the vertebral 
column 


(b) Three pathvvays of sympathetie innervation 


Figiire 20.2 Sympathetie trnnks and pathvvays. (a) Diagram of the right sympathetie 
trunk in the posterior thorax. (b) Synapses betvveen preganglionie and postganglionie 
sympathetie neurons ean occur at three different loeations—in a sympathetie trunk 
ganglion at the same level f in a sympathetie trunk ganglion at a different level # or in 
a eollateral ganglion. 
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Exercise 20 


The parasympathetie division is often referred to as the 
housekeeping, or “resting and digesting,” system because it 
maintains the viseeral organs in a state most suitable for nor- 
mal functions and internal homeostasis; that is, it promotes 
normal digestion and elimination. In eontrast, aetivation of 
the sympathetie division is referred to as the “fight-or-flight” 
response because it readies the body to eope with situations 
that threaten homeostasis. Under such emergeney eonditions, 
the sympathetie nervous system induces an inerease in heart 
rate and blood pressure, dilates the bronehioles of the lungs, 
inereases blood sugar levels, and promotes many other effeets 
that help the individual eope with a stressor. 

As we grow older, our sympathetie nervous system 


gradually beeomes less and less effieient, particu- 
larly in causing vasoeonstrietion of blood vessels. When 
elderly people stand up quickly after sitting or lying down, 
they often beeome light-headed or faint. This is because the 
sympathetie nervous system is not able to reaet quickly 
enough to counteract the pull of gravity by aetivating the 
vasoeonstrietor fibers. So, blood pools in the feet. This eondi- 
tion, orthostatie hypotension, is a type of low blood pressure 
resulting from ehanges in body position as deseribed. Ortho- 
statie hypotension ean be prevented to some degree if ehanges 
in position are slow. This gives the sympathetie nervous sys- 
tem a little more time to reaet and adjust. + 


AOTIVITY 2 



Comparing Sympathetie 
and Parasympathetie Effeets 

Several body organs are listed in the Aetivity 2 ehart. Using 
your textbook as a referenee, list the effeet of the sympathetie 
and parasympathetie divisions on eaeh. m 


AOTIVITY 3 



Exploring the Galvanie Skin Response 
(Eleetrodermal Aetivity) VVithin a Polygraph 
Using BIOPAC® 

The autonomic nervous system is elosely integrated with 
the emotions, or affeet, of an individual. A sad event, 
sharp pain, or simple stress ean bring about measurable 


ehanges in autonomic regulation of heart rate, respiration, 
and blood pressure. In addition to these obvious physi- 
ologieal signs, more subtle autonomic ehanges ean occur 
in the skin. Speeifieally, ehanges in autonomic tone in 
response to external circumstances ean influence the rate 
of sweat gland seeretion and blood flow to the skin that 
may not be readily seen but ean be measured. The galvanie 
skin response is an eleetrophysiologieal measurement of 
ehanges that occur in the skin due to ehanges in autonomic 
stimulation. 

The galvanie skin response, also referred to as elee- 
trodermal aetivity (EDA), is measured by reeording the 
ehanges in galvanie skin resistanee (GSR) and galvanie 
skin potential (GSP). Resistanee, reeorded in ohms (íl), 
is a measure of the opposition to the flow of current from 
one eleetrode to another. inereasing resistanee results in 
deereased current. Potential, measured in volts (V), is a 
measure of the amount of eharge separation between two 
points. inereased sympathetie stimulation of sweat glands, 
in response to ehange in affeet, deereases resistanee on the 
skin because of inereased water and eleetrolytes on the skin 
surface. 

In this experiment you will reeord heart rate, respira- 
tion, and EDA/GSR while the subject is exposed to various 
eonditions. Because “many” variables will be “reeorded,” 
this proeess is often referred to as a polygraph. The goal 
of this exercise is to reeord and analyze data to observe 
how this proeess works. This is not a “lie deteetor test,” as 
its failure rate is far too high to provide true seientifie or 
legal eertainty. However, the polygraph ean be used as an 
investigative tool. 

Setting Up the Equipment 

1. Connect the BIOPAC® unit to the computer and turn the 
computer ON. 

2. Make sure the BIOPAC® unit is OFF. 

3. Plug in the equipment (as shown in Figure 20.3). 

• Respiratory transducer belt—CH 1 

• Eleetrode lead set—CH 2 

• EDA/GSR finger leads or disposable finger eleetrodes 
and EDA pineh leads—CH 3 


Aetivity 2: Parasympathetie and Sympathetie Effeets 


Organ 

Parasympathetie effeet 

Sympathetie Effeet 

Heart 



Bronehioles of lungs 



Digestive traet 



llrinary bladder 



Iris of the eye 



Blood vessels (most) 



Pen is/el itoris 



Svveat glands 



Adrenal medulla 



Panereas 
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BIOPAC® MP36/35 unit 



transducer belt for use with disposable 

finger eleetrodes 


Figure 20.3 Setting up the BIOPAC® equipment. Plug 
the respiratory transducer belt into ehannel 1, the 
eleetrode lead set into ehannel 2, and the EDA/GSR 
finger leads into ehannel 3. 


Sensors attaeh to 
bottom of fingertips 



(a) 


Apply eleetrodes to 
bottom of fingertips and 
attaeh pineh leads. 



Figure 20.5 Plaeement of the EDA/GSR finger lead 
sensors or disposable eleetrodes on the fingers. 


4. Turn the BIOPAC® unit ON. 

5. Attaeh the respiratory transducer belt to the subject (as 
shown in Figure 20.4). It should be fastened so that it is 
slightly tight even at the point of maximal expiration. 

6. To piek up a good EDA/GSR signal, it is important that 
the subject’s hand have enough sweat (as it normally would). 
The subject should not have freshly washed or eold hands. 






m \ 


Respiratory 

transducer 

belt 



\ 


i 







\ 



Plaee the eleetrodes on the middle and index fingers with the 
sensors on the skin, not the fingernail. They should fit snugly 
but not be so tight as to cut off circulation. If using EDA/ 
GSR finger lead sensors, fill both eavities of the leads with 
conduction gel, and attaeh the sensors to the subject’s fin- 
gers (as shown in Figure 20.5a). If using disposable finger 
eleetrodes, apply to subject’s fingers and attaeh pineh leads 
(as shown in Figure 20.5b). Attaeh the eleetrodes at least 
5 minutes before reeording. 

7. In order to reeord the heart rate, plaee the eleetrodes on 
the subject (as shown in Figure 20.6). Plaee an eleetrode on 
the medial surface of eaeh leg, just above the ankle. Plaee 
another eleetrode on the right anterior forearm just above 
the wrist. 


White lead 
(right forearm) 


Blaek lead (ground) 
(right leg) 



Red lead 
(left leg) 


Figure 20.4 Proper plaeement of the respiratory 
transducer belt around the subject's thorax. 


Figure 20.6 Plaeement of eleetrodes and the 
appropriate attaehment of eleetrode leads by eolor. 
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Exercise 20 








j 



Figure 20.7 Example of waveforms during the 
ealibration procedure. 





8. Attaeh the eleetrode lead set to the eleetrodes aeeording to 
the eolors shown in the example (Figure 20.6). Wait 5 minutes 
before starting the ealibration procedure. 

9. Start the BIOPAC® Student Lab program on the computer 
by double-clicking the ieon on the desktop or by following 
your instmetor’s guidance. 

10. Seleet lesson L09-Poly-1 from the menu and eliek OK. 

11. Type in a filename that will save this subject’s data on the 
computer hard drive. You may want to use the subject’s last 
name followed by Poly-1 (for example, SmithPoly-1), then 

eliek OK. 

Calibrating the Equipment 

1. Have the subject sit faeing the direetor, but do not allow 
the subject to see the computer sereen. The subject should 
remain immobile but be relaxed with legs and arms in a eom- 
fortable position. 

2. When the subject is ready, eliek Calibrate and then eliek 
Yes and OK if prompted. After 3 seeonds, the subject will 
hear a beep and should inhale and exhale deeply for one 
breath. 


3. Wait for the ealibration to stop automatically after 
10 seeonds. 


4. Observe the data, which should look similar to that in 

(Figure 20.7). 


• If the data look very different, eliek Redo Calibration 
and repeat the steps above. 

• If the data look similar, proeeed to the next seetion. 

Reeording the Data 

Hints to obtaining the best data: 

• Do not let the subject see the data as it is being reeorded. 

• Conduct the exam in a quiet setting. 

• Keep the subject as still as possible. 

• Take eare to have the subject move the mouth as little as 
possible when responding to questions. 

• Make sure the subject is relaxed at resting heart rate 
before the exam begins. 

The data will be reeorded in three segments. The direetor 

must read through the direetions for the entire segment before 


^ Hiop.ìe 5)U(kfl4 L --ìh* t fHnn 3 fiSfl í. Pfil^gr.iph PIRI3 


HrseAáy 
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Figiire 20.8 Example of Segment 1 data. 


proeeeding so that the subject ean be prompted and ques- 
tioned appropriately. 

Segment 1: Baseline Data 

1. When the subject and direetor are ready, eliek Reeord. 

2. After waiting 5 seeonds, the direetor will ask the subject 
to respond to the following questions and should remind 
the subject to minimize mouth movements when answer- 
ing. Use the F9 key (PC) or ESC key (Mae) to insert a 
marker after eaeh response. Wait about 5 seeonds after eaeh 
answer. 

• Quietly state your name. 

• Slowly count down from ten to zero. 

• Count backward from 30 by odd numbers (29, 27, 25, 
ete.). 

• Finally, the direetor lightly touches the subject on the 
eheek. 

3. After the final, cheek-touching test, eliek Suspend. 

4. Observe the data, which should look similar to the Seg- 
ment 1 data example (Figure 20.8). 

• If the data look very different, eliek Redo and repeat the 
steps above. 

• If the data look similar, proeeed to reeord Segment 2. 

Segment 2: Response to Different Colors 

1. When the subject and direetor are ready, eliek Resume. 

2. The direetor will sequentially hold up nine differently 
eolored paper squares about 2 feet in front of the subject’s 
faee. He or she will ask the subject to focus on the particular 
eolor for 10 seeonds before moving to the next eolor in the 
sequence. The direetor will display the eolors and insert a 
marker in the following order: whhe, blaek . red, blue , green, 
vellow . orange, brown, and purple . The direetor or assistant 
will use the F9 key (PC) or ESC key (Mae) to insert a marker 
at the start of eaeh eolor. 

3. The subject will be asked to view the eomplete set of 
eolors. After the eolor purple, eliek Suspend. 
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Figure 20.9 Example of Segment 2 data. 


Figure 20.10 Example of Segment 3 data. 


4. Observe the data, which should look similar to the Seg- 
ment 2 data example (Figure 20.9). 

• If the data look very different, eliek Redo and repeat the 
steps above. 

• If the data look similar, proeeed to reeord Segment 3. 

Segment 3: Response to Different Questions 

1. When the subject and direetor are ready, eliek Resume. 

2. The direetor will ask the subject the ten questions in step 3 
and note if the answer is Yes or No. In this segment, the 
reeorder will use the F9 key (PC) or ESC key (Mae) to insert 
a marker at the end of eaeh question and the end of eaeh 
answer. The direetor will eirele the Yes or No response of the 
subject in the “Response” column of the Segment 3 Measure- 
ments ehart (page 331). 

3. The following questions are to be asked and answered 
either Yes or No: 

• Are you currently a student? 

• Are your eyes blue? 

• Do you have any brothers? 

• Did you earn an “A” on the last exam? 

• Do you drive a motoreyele? 

• Are you less than 25 years old? 

• Have you ever traveled to another planet? 

• Have aliens from another planet ever visited you? 

• Do you watch Sesame Street ? 

• Have you answered all of the preeeding questions 
truthfully ? 

4. After the last question is answered, eliek Suspend. 

5. Observe the data, which should look similar to the 
Segment 3 data example (Figure 20.10). 

• If the data look very different, eliek Redo and repeat the 
steps above. 

• If the data look similar, eliek Done. Click Yes if you are 
finished reeording. 


6. Without reeording, simply ask the subject to respond 
onee again to all of the questions as honestly as possible. 
The direetor eireles the Yes or No response of the subject in 
the “Truth” column of the Segment 3 Measurements ehart 
(page 331). 

7. Remove all of the sensors and equipment from the sub- 
jeet, and continue to Data Analysis. 

Data Analysis 

1. If you are just starting the BIOPAC® program to perform 
data analysis, enter Review Saved Data mode and ehoose 
the file with the subject’s EDA/GSR data (for example, 
SmithPoly-1). If Analyze Current Data File was previously 
ehosen, proeeed to analysis. 

2. Observe how the ehannel numbers are designated (as 
shown in Figure 20.11): CH 3— EDA/GSR; CH 40— 
Respiration; CH 41— Heart Rate. 

3. You may need to use the following tools to adjust the data 
in order to elearly view and analyze the first 5 seeonds of the 
reeording. 

• Click the magnifying glass in the lower right eorner of 
the sereen (near the I-beam box) to aetivate the zoom 
function. Use the magnifying glass cursor to eliek on the 



Figure 20.11 Example of polygraph reeording with 
EDA/GSR, respiration, and heart rate. 
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Exercise 20 



Figure 20.12 Seleeting the two-second point for data 
analysis. 


very first waveforms until the first 5 seeonds of data are 
represented (see horizontal time seale at the bottom of 
the sereen). 

• Seleet the Display menu at the top of the sereen and eliek 
Autoscale Waveforms in the drop-down menu. This 
function will adjust the data for better viewing. 

4. To analyze the data, note the first three pairs of 
channel/measurement boxes at the top of the sereen. (Eaeh 
box aetivates a drop-down menu when you eliek it.) The 
following ehannels and measurement types should already 
be set: 


ehannel 

Measurement 

Data 

CH 41 

value 

heart rate 

CH 40 

value 

respiration 

CH 3 

value 

EDA/GSR 


Value: Displays the value of the measurement (for 
example, heart rate or EDA/GSR) at the point in time that is 
seleeted. 

BPM: In this analvsis, the BPM calculates breaths per minute 
when the area that is highlighted starts at the beginning of one 
inhalation and ends at the beginning of the next inhalation. 

5. Use the arrow cursor and eliek the I-beam cursor box at the 
lower right side of the sereen to aetivate the “area seleetion” 


Start of inhalation 


Start of next inhalation 


Biopje: Ldb* - J-nJvn-LtJ'B 



Figure 20.13 Highlighting the waveforms from the start 
of one inhalation to the start of the next. 


function. Using the aetivated I-beam cursor, seleet the 2-seeond 
point on the data (as shown in Figure 20.12). Reeord the heart 
rate and EDA/GSR values for Segment 1 data in the Segment 1 
Measurements ehart. This point represents the resting or 
baseline data. 

6. Using data from the first 5 seeonds, use the I-beam cursor 
tool to highlight an area from the start of one inhalation to 
the start of the next inhalation (as shown in Figure 20.13). 
The start of an inhalation is indieated by the beginning of the 
aseension of the waveform. Reeord this as the baseline respi- 
ratory rate in the Segment 1 Measurements ehart. 

7. Using the markers as guides, seroll along the bottom 
seroll bar until the data from Segment 1 appears. 

8. Analyze all parts of Segment 1. Using the tools deseribed 
in steps 5 and 6, acquire the measurements for the heart 
rate, EDA/GSR, and respiration rate soon after eaeh subject 
response. Use the maximum EDA/GSR value in that time 
frame as the point of measurement for EDA/GSR and heart 
rate. Use the beginning of two consecutive inhalations in that 
same time frame to measure respiration rate. Reeord these 
data in the Segment 1 Measurements ehart. 

9. Repeat these same procedures to measure EDA/GSR, 
heart rate, and respiration rate for eaeh eolor in Segment 2. 
Reeord these data in the Segment 2 Measurements ehart. 


Segment 1 Measurements 

Procedure 

Heart rate 
[CH 41 value] 

Respiratory rate 
[CH 40 BPM] 

EDA/GSR 
[CH 3 value] 

Baseline 




Quietly say name 




Count from 10 




Count from 30 




Faee is touched 
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Segment 2 Measurements 


Color 

Heart rate [CH 41 value] 

Respiratory rate [CH 40 BPM] 

EDA/GSR [CH 3 value] 

White 




Blaek 




Red 




Blue 




Green 




Yellovv 




Orange 




Brovvn 




Purple 





Segment 3 Measurements 


Question 

Response 

Truth 

Heart rate 
[CH 41 value] 

Resp. rate 
[CH 40 BPM] 

EDA/GSR 
[CH 3 value] 

Student? 

Y 

N 

Y 

N 




Blue eyes? 

Y 

N 

Y 

N 




Brothers? 

Y 

N 

Y 

N 




Earn "A"? 

Y 

N 

Y 

N 




Motoreyele? 

Y 

N 

Y 

N 




Llnder 25? 

Y 

N 

Y 

N 




Planet? 

Y 

N 

Y 

N 




Aliens? 

Y 

N 

Y 

N 




Sesame? 

Y 

N 

Y 

N 




Truthful? 

Y 

N 

Y 

N 





10. Repeat these same procedures to measure EDA/GSR, 
heart rate, and respiration rate for responses to eaeh question 
in Segment 3. Reeord these data in the Segment 3 Measure- 
ments ehart. 

11. Examine EDA/GSR, heart rate, and respiration rate of the 
baseline data in the Segment 1 Measurements ehart. 

12. For every eondition to which the subject was exposed, 
write H if that value is higher than baseline, write L if the 
value is lower, and write NC if there is no signifieant ehange. 
Repeat this analysis for Segments 2 and 3. 

Examine the data in the Segment 1 Measurements ehart. Is 
there any notieeable differenee between the baseline EDA/ 
GSR, heart rate, and respiration rate after eaeh prompt? 
Under which prompts is the most signifieant ehange noted? 


Examine the data in the Segment 2 Measurements ehart. Is 
there any notieeable differenee between the baseline EDA/ 
GSR, heart rate, and respiration rate after eaeh eolor presen- 
tation? Under which eolors is the most signifieant ehange 
noted? 


Examine the data in the Segment 3 Measurements ehart. Is 
there any notieeable differenee between the baseline EDA/ 
GSR, heart rate, and respiration rate after eaeh question? 
After which is the most signifieant ehange noted? 












































Exercise 20 


Speculate as to the reasons why a subject may demonstrate 
a ehange in EDA/GSR from baseline under different eolor 
eonditions. 


Speculate as to the reasons why a subject may demonstrate a 
ehange in EDA/GSR from baseline when a particular ques- 
tion is asked. 


Which braneh of the autonomic nervous system is dominant 
during a galvanie skin response? 











The Autonomic Nervous System 


h 


Parasympathetie and Sympathetie Divisions 

1. For the most part, sympathetie and parasympathetie fibers serve the same organs and structures. How ean they exert 
opposite effeets? (After all, nerve impulses are nerve impulses—aren’t they?) 





2. Name three structures that reeeive sympathetie but not parasympathetie innervation. 




3. A pelvie splanehnie nerve eontains (eirele one): 

a. preganglionie sympathetie fibers 

b. postganglionie sympathetie fibers 


> 


e. preganglionie parasympathetie fibers 
d. postganglionie parasympathetie fibers 


4. The following ehart states a number of eonditions. Use a eheek mark to show which division of the autonomic nervous 
system is involved in eaeh. 


Sympathetie division 

Condition 

Parasympathetie division 


Postganglionie fibers seerete norepinephrine; adrenergie fibers 



Postganglionie fibers seerete aeetyleholine; eholinergie fibers 



Long preganglionie axon; short postganglionie axon 



Short preganglionie axon; long postganglionie axon 



Arises from eranial and saeral nerves 



Arises from spinal nerves T| through L 3 



Normally in eontrol 



"Fight-or-flight" system 



Has more speeifie eontrol (Look it up!) 




Galvanie Skin Response (Eleetrodermal Aetivity) 

Within a Polygraph Using BIOPAC® 

5. Deseribe exactly how, from a physiologieal standpoint, EDA/GSR ean be eorrelated with aetivity of the autonomic nervous 
system. 


6. Based on this brief and unprofessional exposure to a polygraph, explain why this might not be an exact tool for testing the 
sineerity and honesty of a subject. Refer to your data to support your conclusions. 
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MATERIALS 

□ Reflex hammer 

□ Sharp peneils 

□ Cot (if available) 

□ Absorbent eotton (sterile) 

□ Tongue depressor 

□ Metrie ruler 

□ Flashlight 

□ 100-or 250-ml beaker 

□ 10- or 25-ml graduated eylinder 

□ Lemon juice in dropper bottle 

□ VVide-range pH paper 

□ Large laboratory bucket eontaining 
freshly prepared 10% household 
bleaeh solution for saliva-soiled 
glassvvare 

□ Disposable autoclave bag 

□ VVash bottle eontaining 10% bleaeh 
solution 



OBJEGTIVES 



1. Define reflex and reflex are. 

2. Deseribe the differenees betvveen autonomic and somatie reflexes. 

3. Explain vvhy reflex testing is an important part of every physieal 
examination. 



4. 

5. 


Name, identify, and deseribe the function of eaeh element of a reflex are. 

Deseribe and discuss several types of reflex aetivities as observed in the 
laboratory; indieate the functional or elinieal importanee of eaeh; and 
eategorize eaeh as a somatie or autonomic reflex aetion. 



6. Explain vvhy eord-mediated reflexes are generally much faster than those 
involving input from the higher brain eenters. 


7. Investigate differenees in reaetion time betvveen intrinsie and learned 
reflexes. 


PRE-LAB Q U I Z 


□ Reaetion time ruler (if available) 

. BIOPAC® BSL System for Win- 
dovvs vvith BSL softvvare ver- 
sion 3.7.5 to 3.7.7, or BSL System for Mae 
OS X with BSL softvvare version 3.7.4 to 
3.7.7, MP36/35 data acquisition unit, 

PC or Mae computer, hand svviteh, and 
headphones. 

lnstructors using the MP36 (or MP35/30) 
data acquisition unit vvith BSL softvvare 
versions earlier than 3.7.5 (for VVindovvs) 
and 3.7.4 (for Mae OS X) vvill need slightly 
different ehannel settings and eolleetion 
strategies. lnstructions for using the older 
data acquisition unit ean be found on 
MasteringA&P. 

Note: instmetions for using PowerLab® 
equipment ean be found on MasteringA&P. 



M 



MasteringA&P 89 For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



1. Define reflex. 


2. Circle the eorreet underlined term. Autonomic / Somatie reflexes include all 
those reflexes that involve stimulation of skeletal muscles. 

3. In a reflex are, the_transmits afferent impulses to the eentral 

nervous system. 

a. integration eenter 

b. motor neuron 
e. reeeptor 

d. sensory neuron 

4. Circle True or False. Most reflexes are simple, two-neuron, monosynaptie 
reflex ares. 

5. Streteh reflexes are initiated by tapping a_, which stretehes the 

assoeiated muscle. 

a. bone 

b. muscle 

e. tendon or ligament 

6. An example of an autonomic reflex that you will be studying in today's lab 

is the_reflex. 

a. crossed-extensor e. plantar 

b. gag d. salivary 

7. Circle True or False. A reflex that occurs on the same side of the body that 
was stimulated is an ipsilateral response. 

8. Name one of the pupillary reflexes you will be examining today._ 

9. Circle the eorreet underlined term. The effeetors of the salivary reflex are 
rrmseles / glands. 

10. Circle True or False. Learned reflexes involve far fewer neural pathways and 
fewertypes of higher intellectual aetivities than intrinsie reflexes, which 
shortens their response time. 
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Exercise 21 



eflexes are rapid, predietable, involuntary motor 
responses to stimuli; they are mediated over neural 
pathways ealled reflex ares. Many of the body’s eontrol 
systems are reflexes, which ean be either inborn or learned. 
Inborn or intrinsie reflexes are wired into our nervous system 
and are unlearned. Learned or acquired reflexes result from 
praetiee or repetition. 

Another way to eategorize reflexes is into one of two 
large groups: autonomic reflexes and somatie reflexes. Auto- 
nomie (or viseeral) reflexes are mediated through the auto- 
nomie nervous system, and we are not usually aware of them. 
These reflexes aetivate smooth muscles, eardiae muscle, and 
the glands of the body, and they regulate body functions 
such as digestion, elimination, blood pressure, salivation, and 
sweating. Somatie reflexes include all those reflexes that 
involve stimulation of skeletal muscles by the somatie divi- 
sion of the nervous system. An example of such a reflex is the 
rapid withdrawal of a hand from a hot objeet. 

Reflex testing is an important diagnostie tool for 


assessing the eondition of the nervous system. Dis- 
torted, exaggerated, or absent reflex responses may indieate 
degeneration or pathology of portions of the nervous system, 
often before other signs are apparent. 

If the spinal eord is damaged, the easily performed reflex 
tests ean help pinpoint the area (level) of spinal eord injury. 
Motor nerves above the injured area may be unaffected, 
whereas those at or below the lesion site may be unable to 
partieipate in normal reflex aetivity. + 



Stimulus 


Skin 


(5) Effeetor 


® Reeeptor 
@ Sensory neuron 


lnterneuron 


Spinal eord 
(in eross seetion) 


Figure 21.1 The five basie eomponents of reflex ares. 

The reflex íllustrated is polysynaptie. 

Components of a Reflex Are 

Reflex ares have five basie eomponents (Figure 21.1): 

1. The reeeptor is the site of stimulus aetion. 

2. The sensory neuron transmits afferent impulses to the CNS. 


Spinal eord 


lnterneurons 



(a) 


Monosynaptie reflex 


(b) 


Polysynaptie reflex 


Figure 21.2 Monosynaptie and polysynaptie reflex ares. The integration eenter 
is in the spinal cord # and in eaeh example the reeeptor and effeetor are in the 
same limb. (a) The patellar reflex # a two-neuron monosynaptie reflex. (b) A flexor 
reflex # an example of a polysynaptie reflex. 
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Muscle 

spindle 


+ Excitatory synapse 
— Inhibitory synapse 


(T)Tapping the patellar ligament excites muscle 


spindles in the quadriceps. 



eord, where synapses occur with motor neurons 
and interneurons. 


The motor neurons (red) send aetivating 
impulses to the quadriceps, causing it to 
eontraet, which extend the knee. 



The interneurons (green) make inhibitory 
synapses with ventral horn neurons (purple) that 
prevent the antagonist muscles (hamstrings) 
from resisting the eontraetion of the quadriceps. 


Figure 21.3 The patellar (knee-jerk) reflex—a speeifie example of a streteh reflex. 


3. The integration eenter eonsists of one or more neurons in 
the CNS. 

4. The motor nenron conducts efferent impulses from the 
integration eenter to an effeetor organ. 

5. The effeetor, a muscle fiber or a gland eell, responds to 
efferent impulses by eontraeting or seereting, respeetively. 

The simple patellar or knee-jerk reflex (Figure 21.2a) 
is an example of a simple, two-neuron, monosynaptie (liter- 
ally, “one synapse”) reflex are. It will be demonstrated in 
the laboratory. However, most reflexes are more complex 
and polysynaptie, involving the partieipation of one or more 
interneurons in the reflex are pathway. An example of a poly- 
synaptie reflex is the flexor reflex (Figure 21.2b). Sinee delay 
or inhibition of the reflex may occur at the synapses, the more 
synapses encountered in a reflex pathway, the more time is 
required for the response. 

Reflexes of many types may be eonsidered programmed 
into the neural anatomy. Many spinal reflexes, reflexes that 
are initiated and eompleted at the spinal eord level, occur 
without the involvement of higher brain eenters. Generally 
these reflexes are present in animals whose brains have been 
destroyed, as long as the spinal eord is functional. Con- 
versely, other reflexes require the involvement of the brain, 
sinee many different inputs must be evaluated before the 
appropriate reflex is determined. Superficial eord reflexes and 


pupillary responses to light are in this eategory. In addition, 
although many spinal reflexes do not require the involve- 
ment of higher eenters, the brain is “advised” of spinal eord 
reflex aetivity and may alter it by faeilitating or inhibiting the 
reflexes. 

Somatie Reflexes 

There are several types of somatie reflexes, including several 
that you will be elieiting during this laboratory session— 
the streteh, crossed-extensor, superficial eord, eorneal, and 
gag reflexes. Some require only spinal eord aetivity; others 
require brain involvement as well. 

Spinal Reflexes 

Streteh Reflexes 

Streteh reflexes are important postural reflexes, normally 
aeting to maintain posture, balanee, and loeomotion. Streteh 
reflexes are initiated by tapping a tendon or ligament, 
which stretehes the muscle to which the tendon is attaehed 
(Figure 21.3). This stimulates the muscle spindles and 
causes reflex eontraetion of the stretehed muscle or muscles. 
Branehes of the afferent fibers from the muscle spindles also 
synapse with interneurons eontrolling the antagonist mus- 
eles. The inhibition of those interneurons and the antagonist 
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Exercise 21 



Figure 21.4 Testing the patellar reflex. The examiner 
supports the subject 7 s knee so that the subject 7 s muscles 
are relaxed, and then strikes the patellar ligament 
with the reflex hammer. The proper loeation may be 
aseertained by palpation of the patella. 


2. Test the effeet of mental distraetion on the patellar reflex 
by having the subject add a column of three-digit numbers 
while you test the reflex again. Is the response more or less 
vigorous than the first response? 


What are your conclusions about the effeet of mental distrae- 
tion on reflex aetivity? 


3. Now test the effeet of muscular aetivity occurring simul- 
taneously in other areas of the body. Have the subject elasp 
the edge of the laboratory beneh and vigorously attempt to 
pull it upward with both hands. At the same time, test the 
patellar reflex again. Is the response more or less vigorous 
than the first response? 


muscles, ealled reeiproeal inhibition, causes them to relax 
and prevents them from resisting (or reversing) the eon- 
traetion of the stretehed muscle. Additionally, impulses are 
relayed to higher brain eenters (largely via the dorsal white 
columns) to advise of muscle length, speed of shortening, 
and the like—information needed to maintain muscle tone 
and posture. Streteh reflexes tend to be hypoaetive or absent 
in eases of peripheral nerve damage or ventral horn disease 
and hyperaetive in eortieospinal traet lesions. They are absent 
in deep sedation and eoma. 


4. Fatigue also influences the reflex response. The subject 
should jog in position until she or he is very fatigued (reallv 
fatigued —no slaekers). Test the patellar reflex again, and 
reeord whether it is more or less vigorous than the first 
response. 


Would you say that nervous system aetivity or muscle func- 
tion is responsible for the ehanges you have just observed? 


A C T I V I T Y 1 


Initiating Streteh Reflexes 

1. Test the patellar or knee-jerk reflex by seating a subject 
on the laboratory beneh with legs hanging free (or with knees 
erossed). Tap the patellar ligament sharply with the reflex 
hammer just below the knee between the patella and the tibial 
tuberosity (as shown in Figiire 21.4). The knee-jerk response 
assesses the L 2 -L 4 level of the spinal eord. Test both knees 
and reeord your observations. (Sometimes a reflex ean be 
altered by your aetions. If you encounter difficulty, consult 
your instmetor for helpful hints.) 


Explain your reasoning. 


5. The ealeaneal tendon or ankle-jerk reflex assesses 
the first two saeral segments of the spinal eord. With your 
shoe removed and your foot dorsiflexed slightly to inerease 
the tension of the gastrocnemius muscle, have your partner 
sharply tap your ealeaneal tendon with the broad side of the 
reflex hammer (Figure 21.5). 


What is the result? 


Which muscles eontraeted? 


What nerve is earrying the afferent and efferent impulses? 


During walking, what is the aetion of the gastrocnemius at 
the ankle? 
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Figure 21.5 Testing the ealeaneal tendon reflex. The 

examiner slightly dorsiflexes the siibjeet's ankle by 
supporting the foot lightly in the hand, and then taps the 
ealeaneal tendon just above the ankle. 

Crossed-Extensor Reflex 

The crossed-extensor reflex is more complex than the streteh 
reflex. It eonsists of a flexor, or withdrawal, reflex followed 
by extension of the opposite limb. 

This reflex is quite obvious when, for example, a stranger 
suddenly and strongly grips one’s arm. The immediate response 
is to withdraw the clutched arm and push the intmder away 
with the other arm. The reflex is more difficult to demonstrate 
in a laboratory because it is antieipated, and under these eondi- 
tions the extensor part of the reflex may be inhibited. 


A C T I V I T Y 2 


Initiating the Crossed-Extensor Reflex 

The subject should sit with eyes elosed and with the dorsum 
of one hand resting on the laboratory beneh. Obtain a sharp 
peneil, and suddenly priek the subject’s index finger. What 
are the results? 


Did the extensor part of this reflex occur simultaneously or 
more slowly than the other reflexes you have observed? 


What are the reasons for this? 


Figure 21.6 Testing the plantar reflex. Llsing a 
moderately sharp object # the examiner strokes the lateral 
border of the subject 7 s sole, starting at the heel and 
continuing tovvard the great toe aeross the ball of 
the foot. 


Superficial Cord Refiexes 

The superfícial eord reflexes (abdominal, eremaster, and 
plantar reflexes) result from pain and temperature ehanges. 
They are initiated by stimulation of reeeptors in the skin and 
mucosae. The superficial eord reflexes depend both on func- 
tional upper-motor pathways and on the eord-level reflex are. 
Sinee only the plantar reflex ean be tested eonveniently in a 
laboratory setting, we will use this as our example. 

The plantar reflex, an important neurological test, is elie- 
ited by stimulating the cutaneous reeeptors in the sole of the 
foot. In adults, stimulation of these reeeptors causes the toes 
to flex and move eloser together. Damage to the eortieospinal 
traet, however, produces Babinski \s sign, an abnormal response 
in which the toes flare and the great toe moves in an upward 
direetion. In newborn infants, it is normal to see Babinski’s 
sign due to ineomplete myelination of the nervous system. 


AOTIVITY 3 


Initiating the Plantar Reflex 

Have the subject remove a shoe and lie on the eot or labora- 
tory beneh with knees slightly bent and thighs rotated so that 
the posterolateral side of the foot rests on the eot. Alterna- 
tively, the subject may sit up and rest the lateral surface of the 
foot on a ehair. Draw the handle of the reflex hammer firmly 
along the lateral side of the exposed sole from the heel to the 
base of the great toe (Figure 21.6). 

What is the response?_ 


Is this a normal plantar reflex or a Babinski’s sign? 




The reflexes that have been demonstrated so far—the streteh 
and crossed-extensor reflexes—are examples of reflexes in 
which the reflex pathway is initiated and eompleted at the 
spinal eord level. 


Cranial Nerve Reflex Tests 

In these experiments, you will be working with your lab partner 
to illustrate two somatie reflexes mediated by eranial nerves. 
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Corneal Reflex 

The eorneal refiex is mediated through the trigeminal nerve 
(eranial nerve V). The absenee of this reflex is an ominous 
sign because it often indieates damage to the brain stem 
resulting from eompression of the brain or other trauma. 


AOTIVITY 4 


Inítiating the Corneal Reflex 

Stand to one side of the subject; the subject should look away 
from you toward the opposite wall. Wait a few seeonds and 
then quickly, but gently, touch the subject’s eornea (on the side 
toward you) with a wisp of absorbent eotton. What reflexive 
reaetion occurs when something touches the eornea? 


What is the function of this reflex? 



Gag Reflex 

The gag reflex tests the somatie motor responses of eranial 
nerves IX and X. When the oral mucosa on the side of the 
uvula is stroked, eaeh side of the mucosa should rise, and the 
amount of elevation should be equal. The uvula is the fleshy 
tab hanging from the roof of the mouth just above the root of 
the tongue. 


AGTIVITY 5 


Initiating the Gag Reflex 

For this experiment, seleet a subject who does not have a 
queasy stomaeh, because regurgitation is a possibility. Gently 
stroke the oral mucosa on eaeh side of the subject’s uvula with 
a tongue depressor. What happens? 



| Diseard the used tongue depressor in the disposable 
• autoclave bag before continuing. Do not lay it on the 
laboratory beneh at any time. H 

Autonomic Reflexes 

The autonomic reflexes include the pupillary, eiliospinal, and 
salivary reflexes, as well as a multitude of other reflexes. 
Work with your partner to demonstrate the four autonomic 
reflexes deseribed next. 

Pupillary Reflexes 

There are several types of pupillary reflexes. The piipillary 
light reflex and the consensual reflex will be examined 


here. In both of these pupillary reflexes, the retina of the eye 
is the reeeptor, the optie nerve (eranial nerve II) eontains the 
afferent fibers, the oculomotor nerve (eranial nerve III) is 
responsible for conducting efferent impulses to the eye, and 
the smooth muscle of the iris is the effeetor. Many eentral 
nervous system eenters are involved in the integration of these 
responses. Absenee of normal pupillary reflexes is generally 
a late indieation of severe trauma or deterioration of the vital 
brain stem tissue due to metabolie imbalanee. 


ACTI VITY 6 


Initiating Pupillary Reflexes 

1. Conduct the reflex testing in an area where the lighting is 
relatively dim. Before beginning, obtain a metrie rnler and a 
flashlight. Measure and reeord the size of the subject’s pupils 
as best you ean. 

Right pupil:_mm Left pupil:_mm 

2. Stand to the left of the subject to conduct the testing. The 
subject should shield his or her right eye by holding a hand 
vertieally between the eye and the right side of the nose. 

3. Shine a flashlight into the subject’s left eye. What is the 
pupillary response? 


Measure the size of the left pupil:_mm 

4. Without moving the flashlight, observe the right pupil. 
Has the same type of ehange (ealled a consensual response) 
occurred in the right eye? 


Measure the size of the right pupil: 


mm 


The consensual response, or any reflex observed on one side 
of the body when the other side has been stimulated, is ealled 
a eontralateral response. The pupillary light response, or 
any reflex occurring on the same side stimulated, is referred 

to as an ipsilateral response. 

What does the occurrence of a eontralateral response indieate 
about the pathways involved? 


Was the sympathetie or the parasympathetie division of the 
autonomic nervous system aetive during the testing of these 
reflexes? 
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What is the function of these pupillary responses? 


eiliospinal Reflex 

The eiliospinal reflex is another example of reflex aetivity 
in which pupillary responses ean be observed. This response 
may initially seem a little bizarre, espeeially in view of the 
consensual reflex just demonstrated. 


A C T I V I T Y 7 


Initiating the eiliospinal Reflex 

1. While observing the subject’s eyes, gently stroke the skin 
(or just the hairs) on the left side of the baek of the subject’s 
neek, elose to the hairline. 

What is the reaetion of the left pupil?_ 

The reaetion of the right pupil?_ 

2. If you see no reaetion, repeat the test using a gentle pineh 
in the same area. 

The response you should have noted—pupillary dilation— 
is eonsistent with the pupillary ehanges occurring when the 
sympathetie nervous system is stimulated. Such a response 
may also be elieited in a single pupil when more impulses from 
the sympathetie nervous system reaeh it for any reason. For 
example, when the left side of the subject’s neek was stimu- 
lated, sympathetie impulses to the left iris inereased, resulting 
in the ipsilateral reaetion of the left pupil. 

On the basis of your observations, would you say that 
the sympathetie innervation of the two irises is elosely 
integrated? 

_Why or why not?_ 


Salivary Reflex 

Unlike the other reflexes, in which the effeetors were smooth 
or skeletal muscles, the effeetors of the salivary reflex are 
glands. The salivary glands seerete varying amounts of saliva 
in response to reflex aetivation. 


A C T I V I T Y 8 


Initiating the Salivary Reflex 

1. Obtain a small beaker, a graduated eylinder, lemon juice, 
and wide-range pH paper. After refraining from swallow- 
ing for 2 minutes, the subject is to expectorate (spit) the 
accumulated saliva into a small beaker. Using the graduated 


eylinder, measure the volume of the expectorated saliva and 
determine its pH. 

Volume: ee pH:_ 

2. Now plaee 2 or 3 drops of lemon juice on the subject’s 
tongue. Allow the lemon juice to mix with the saliva for 5 to 
10 seeonds, and then determine the pH of the subject’s saliva 
by touching a pieee of pH paper to the tip of the tongue. 

pH:_ 

As before, the subject is to refrain from swallowing for 
2 minutes. After the 2 minutes is up, again eolleet and mea- 
sure the volume of the saliva and determine its pH. 

Volume: ee pH:_ 

3. How does the volume of saliva eolleeted after the appliea- 
tion of the lemon juice eompare with the vohime of the first 
saliva sample? 


How does the final saliva pH reading eompare to the initial 
reading? 


How does the final saliva pH reading eompare to that obtained 
10 seeonds after the applieation of lemon juice? 


What division of the autonomic nervous system mediates the 
reflex release of saliva? 


▲ Dispose of the saliva-eontaining beakers and the grad- 

uated eylinders in the laboratory bucket that eontains 
bleaeh and put the used pH paper into the disposable auto- 
elave bag. Wash the beneh down with 10% bleaeh solution 
before continuing. M 

Reaetion Time of intrinsie 
and Learned Reflexes 

The time required for reaetion to a stimulus depends on many 
faetors—sensitivity of the reeeptors, veloeity of nerve eon- 
duction, the number of neurons and synapses involved, and 
the speed of effeetor aetivation, to name just a few. There is no 
clear-cut distinetion between intrinsie and learned reflexes, as 
most reflex aetions are subject to modifieation by learning or 
conscious effort. In general, however, if the response involves 
a simple reflex are, the response time is short. Learned reflexes 
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Exercise 21 


involve a far larger number of neural pathways and many 
types of higher intellectual aetivities, including ehoiee and 
deeision making, which lengthens the response time. 

There are various ways of testing reaetion time of reflexes. 
The tests range from simple to ultrasophisticated. The follow- 
ing aetivities provide an opportunity to demonstrate the major 
time differenee between simple and learned reflexes and to 
measure response time under various eonditions. 


Trial 3:_em Trial 5:_em 

_see see 

Trial 4:_em 

_see 

Did the addition of a speeifie word to the stimulus inerease or 
deerease the reaetion time? 


ACTI VITY 9 


Testing Reaetion Time for 
intrinsie and Learned Reflexes 

1. Using a reflex hammer, elieit the patellar reflex in your 
partner. Note the relative reaetion time needed for this intrin- 
sie reflex to occur. 

2. Now test the reaetion time for learned reflexes. The sub- 
jeet should hold a hand out, with the thumb and index finger 
extended. Hold a metrie rnler so that its end is exactly 3 em 
above the subject’s outstretched hand. The rnler should be 
in the vertieal position with the numbers reading from the 
bottom up. When the rnler is dropped, the subject should be 
able to grasp it between thumb and index finger as it passes, 
without having to ehange position. Have the subject eateh the 
rnler five times, varying the time between trials. The relative 
speed of reaetion ean be determined by reading the number on 
the rnler at the point of the subject’s fingertips. (Thus if the 
number at the fingertips is 15 em, the subject was unable to 
eateh the ruler until 18 em of length had passed through his or 
her fingers; 15 em of rnler length plus 3 em to account for the 
distanee of the rnler above the hand.) 1 Reeord the number of 
eentimeters that pass through the subject’s fingertips (or the 
number of seeonds required for reaetion) for eaeh trial: 


Trial 1: 

em 

Trial 4: 

em 


see 


see 

Trial 2: 

em 

Trial 5: 

em 


see 


see 

Trial 3: 

em 




see 




3. Perform the test again, but this time say a simple word eaeh 
time you release the raler. Designate a speeifie word as a signal 
for the subject to eateh the raler. On all other words, the subject 
is to allow the raler to pass through his fingers. Trials in which 
the subject erroneously eatehes the raler are to be disregarded. 
Reeord the distanee the raler travels (or the number of seeonds 
required for reaetion) in five successful trials: 

Trial 1:_em Trial 2:_em 

_see _see 

*Distance (d) ean be eonverted to time (t) using the simple formula: 

J(incm) = (l/2)(980 em/see 2 )/ 12 

t 2 = (d /490 em/see 2 ) 
t = \/(d /(490 em/see 2 ) 

T An alternative would be to use a reaetion time raler, which eonverts 
distanee to time (seeonds). 


4. Perform the testing onee again to investigate the subject’s 
reaetion to word assoeiation. As you drop the raler, say a 
word—for example, hot. The subject is to respond with a 
word he or she assoeiates with the stimulus word—for exam- 
ple, eold —eatehing the raler while responding. If unable to 
make a word assoeiation, the subject must allow the raler to 
pass through his or her fingers. Reeord the distanee the raler 
travels (or the number of seeonds required for reaetion) in five 
successful trials, as well as the number of times the raler is not 
caught by the subject. 


Trial 1: 

em 

Trial 4: 

em 


see 


see 

Trial 2: 

em 

Trial 5: 

em 


see 


see 

Trial 3: 

em 




see 




Number of times the subject did not eateh the raler: 


You should have notieed quite a large variation in reaetion 
time in this series of trials. Why is this so? 


A C T I V I T Y 1 


Measiiring Reaetion Time (Jsing BI0PAC® 

Setting Up the Equipment 

1. Connect the BIOPAC® unit to the computer and turn the 
computer ON. 

2. Make sure the BIOPAC® unit is OFF. 

3. Plug in the equipment (as shown in Figure 21.7). 

• Hand switch—CH1 

• Headphones—baek of MP36/35 unit 

4. Turn the BIOPAC® unit ON. 

5. Start the BIOPAC® Student Lab program on the computer 
by double-clicking the ieon on the desktop or by following 
your instraetor’s guidance. 
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B10PAC® MP36/35 unit 


Headphones 



Figure 21.7 Setting up the BIOPAC® equipment. Plug 
the headphones into the baek of the MP36/35 data 
acquisition unit and the hand svviteh ínto ehannel 1. 
Hand svviteh and headphones are shovvn eonneeted to 
the MP36/35 unit. 


6. Seleet lesson Lll-React-1 from the menu and eliek OK. 

7. Type in a filename that will save this subject’s data on the 
computer hard drive. You may want to use the subject’s last 
name followed by React-1 (for example, SmithReact-l), then 

eliek OK. 

Calibrating the Equipment 

1. Seat the subject eomfortably so that he or she eannot see 
the computer sereen and keyboard. 

2. Put the headphones on the subject and give the subject the 
hand switch to hold. 

3. Tell the subject that he or she is to push the hand switch 
button when a “eliek” is heard. 

4. Click Calibrate, and then eliek OK when the subject is 
ready. 

5. Observe the reeording of the ealibration data, which 
should look like the waveforms in the ealibration example 

(Figure 21.8). 


• If the data look very different, eliek Redo Calibration 
and repeat the steps above. 

• If the data look similar, proeeed to the next seetion. 

Reeording the Data 

In this experiment, you will reeord four different segments of 
data. In Segments 1 and 2, the subject will respond to random 
eliek stimuli. In Segments 3 and 4, the subject will respond to 
eliek stimuli at fixed intervals (about 4 seeonds). The direetor 
will eliek Reeord to initiate the Segment 1 reeording, and 
Resume to initiate Segments 2, 3, and 4. The subject should 
focus only on responding to the sound. 

Segment 1: Random Trial 1 

1. Eaeh time a sound is heard, the subject should respond by 
pressing the button on the hand switch as quickly as possible. 

2. When the subject is ready, the direetor should eliek 
Reeord to begin the stimulus-response sequence. The reeord- 
ing will stop automatically after ten elieks. 

• A triangular marker will be inserted above the data eaeh 
time a “eliek” stimulus occurs. 

• An upward-pointing “pulse” will be inserted eaeh time 
the subject responds to the stimulus. 

3. Observe the reeording of the data, which should look 
similar to the data-reeording example (Figure 21.9). 

• If the data look very different, eliek Redo and repeat the 
steps above. 

• If the data look similar, move on to reeording the next 
segment. 

Segment 2: Random Trial 2 

1. Eaeh time a sound is heard, the subject should respond by 
pressing the button on the hand switch as quickly as possible. 

2. When the subject is ready, the direetor should eliek 
Resume to begin the stimulus-response sequence. The 
reeording will stop automatically after ten elieks. 

3. Observe the reeording of the data, which should again 
look similar to the data-reeording example (Figure 21.9). 

• If the data look very different, eliek Redo and repeat the 
steps above. 

• If the data look similar, move on to reeording the next 
segment. 




Figure 21.8 Example of vvaveforms during the 
ealibration procedure. 


Figure 21.9 Example of vvaveforms during the 
reeording of data. 
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Segment 3: Fixed Interval Trial 3 

1. Repeat the steps for Segment 2 above. 

Segment 4: Fixed Interval Trial 4 

1. Repeat the steps for Segment 2 above. 

2. If the data after this final segment are fine, eliek Done. A 
pop-up window will appear; to reeord from another subject 
seleet Reeord from another subject, and return to step 7 
under Setting Up the Equipment. If continuing to the Data 
Analysis seetion, seleet Analyze current data fíle and pro- 
eeed to step 2 in the Data Analysis seetion. 

Data Analysis 

1. If just starting the BIOPAC® program to perform data 
analysis, enter Review Saved Data mode and ehoose the file 
with the subject’s reaetion data (for example, SmithReact-l). 

2. Observe that all ten reaetion times are automatically eal- 
culated for eaeh segment and are plaeed in the journal at the 
bottom of the computer sereen. 

3. Write the ten reaetion times for eaeh segment in the ehart 

Reaetion Times. 

4. Delete the highest and lowest values of eaeh segment, 
then calculate and reeord the average for the remaining eight 
data points. 

5. When finished, exit the program by going to the File 
menu at the top of the page and elieking Quit. 


Do you observe a signifieant differenee between the average 
response times of Segment 1 and Segment 2? If so, what 
might account for the differenee, even though they are both 
random trials? 


Likewise, do you observe a signifieant differenee between the 
average response times of Segment 3 and Segment 4? If so, 
what might account for the differenee, even though they are 
both fixed interval trials? 


Optional Aetivity with BIOPAC® Reaetion 
Time Measiirement 

To expand the experiment, ehoose another variable to test. 
Response to visual cues may be tested, or you may have the 
subject ehange the hand used when elieking the hand switch 
button. Design the experiment, conduct the test, then reeord 
and analyze the data as deseribed above. Hi 


Reaetion Times (seeonds) 



Random 

Fixed Interval 

Stimulus # 

Segment 1 

Segment 2 

Segment 3 

Segment 4 

1 





2 





3 





4 





5 





6 





7 





8 





9 





10 





Average 






























Name_ 

Lab Time/Date 


The Reflex Are 

1. Define reflex. _ 



2. Name five essential eomponents of a reflex are: 


, and 


3. In general, what is the importanee of reflex testing in a routine physieal examination? 


Somatie and Autonomic Reflexes 




4. Use the key terms to eomplete the statements given below. (Some terms are used more than onee.) 


Key: a. abdominal reflex 

b. ealeaneal tendon reflex 
e. eiliospinal reflex 


d. eorneal reflex 

e. crossed-extensor reflex 

f. gag reflex 


g. patellar reflex 

h. plantar reflex 

i. pupillary light reflex 


Reflexes elassified as somatie reflexes include a 


, and 


Of these, the streteh reflexes are_and_, and the superficial eord reflexes are_and 

Reflexes elassified as autonomic reflexes include_and_. 

5. Name two spinal eord-mediated reflexes._and_ 


Name two somatie reflexes in which the higher brain eenters partieipate_ 

and_ 

6. Can the streteh reflex be elieited in a pithed animal (that is, an animal in which the brain has been destroyed)? 

Explain your answer_ 
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7. Traee the reflex are, naming efferent and afferent nerves, reeeptors, effeetors, and integration eenters, for the two reflexes 
listed. (Hint: Remember which nerve innervates the anterior thigh, and which nerve innervates the posterior thigh.) 

patellar reflex:_ 


ealeaneal tendon reflex: 


8. Three faetors that influence the speed and effeetiveness of reflex ares were investigated in conjunction with patellar reflex 
testing—mental distraetion, effeet of simultaneous muscle aetivity in another body area, and fatigue. 

Which of these faetors inereases the excitatory level of the spinal eord?_ 

Which faetor deereases the excitatory level of the muscles?_ 

When the subject was eoneentrating on an arithmetie problem, did the ehange noted in the patellar reflex indieate that brain 

aetivity is neeessary for the patellar reflex or only that it may modify it?_ 


9. Name the division of the autonomic nervous system responsible for eaeh of the reflexes listed. 

eiliospinal rellex:_salivary reflex:_ 

pupillary light reflex:_ 

10. The pupillary light reflex, the crossed-extensor reflex, and the eorneal reflex illustrate the purposeful nature of reflex aetivity. 
Deseribe the proteetive aspeet of eaeh. 

pupillary light reflex:_ 

eorneal reflex:_ 

crossed-extensor reflex:_ 


11. Was the pupillary consensual response eontralateral or ipsilateral?_ 

Why would such a response be of signifieant value in this particular reflex? 
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12. Differentiate between the types of aetivities aeeomplished by somatie and autonomic reflexes. 


13. Several types of reflex aetivity were not investigated in this exercise. The most important of these are autonomic reflexes, 
which are difficult to illustrate in a laboratory situation. To reetify this omission, eomplete the following ehart, using refer- 
enees as neeessary. 


Reflex 

Organ involved 

Reeeptors 

stimulated 

Aetion 

Micturition (urination) 




Defeeation 




Carotid sinus 
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Reaetion Time of intrinsie and Learned Reflexes 

14. How do intrinsie and learned reflexes differ?_ 


15. Name at least three faetors that may modify reaetion time to a stimulus. 


16. In general, how did the response time for the learned aetivity performed in the laboratory eompare to that for the simple 

patellar reflex?_ 

17. Did the response time without verbal stimuli deerease with praetiee?_Explain the reason for this. 


18. Explain, in detail, why response time inereased when the subject had to reaet to a word stimulus. 



When measuring reaetion time in the BIOPAC® aetivity, was there a differenee in reaetion time when the stimulus was 
predietable versus unpredictable? Explain your answer. 
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MATERIALS 

□ Compound mieroseope 

□ Immersion oil 

□ Prepared slides (longitudinal seetions) 
of lamellar corpuscles, taetile 
corpuscles, tendon organs, and muscle 
spindles 

□ Calipers or esthesiometer 

□ Small metrie rulers 

□ Fine-point, felt-tipped markers (blaek, 
red, and blue) 

□ Large beaker of iee water; ehipped iee 

□ Hot water bath set at 45°C; laboratory 
thermometer 

□ Towel 

□ Four eoins (niekels or quarters) 

□ Three large finger bowls or 1000-ml 
beakers 



OBJEGTIVES 


<■ 


1 . 

2 . 

3. 


List the stimuli that aetivate general sensory reeeptors. 

Define exteroceptor, interoeeptor, and proprioeeptor. 

Reeognize and deseribe the various types of general sensory reeeptors as 
studied in the laboratory, and list the function and loeations of eaeh. 




4. 

5. 


Explain the taetile two-point diserimination test, and state its anatomieal 
basis. 

Define taetile loealization, and deseribe how this ability varies in 
different areas of the body. 



6. Define adaptation, and deseribe howthis phenomenon ean be 
demonstrated. 


7. Discuss negative afterimages as they are related to temperature reeeptors. 

8. Define referredpain, give an example for it, and define projeetion. 


PRE-LAB Q U I Z 



1 


MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


V 


A&PFIix A&PFIix 

Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 


J 


1. Name one of the speeial senses._ 

2. Sensory reeeptors ean be elassified aeeording to their source of stimulus. 

_are found elose to the body surface and reaet to stimuli in the 

external environment. 

a. Exteroceptors e. Proprioeeptors 

b. interoeeptors d. Viseeroeeptors 

3. Circle True or False. General sensory reeeptors are widely distributed 
throughout the body and respond to, among other things, touch, pain, 
streteh, and ehanges in position. 

4. Taetile corpuscles respond to light touch. Where would you expect to find 
taetile corpuscles? 

a. deep within the dermal layer of hairy skin 

b. in the dermal papillae of hairless skin 
e. in the hypodermis of hairless skin 

d. in the uppermost portion of the epidermis 

5. Lamellar corpuscles respond to 

a. deep pressure and vibrations e. pain and temperature 

b. lighttouch 

6. Circle True or False. A map of the sensory reeeptors for touch, heat, eold, 
and pain shows that they are not evenly distributed throughout the body. 

7. Circle the eorreet underlined term. Two-point threshold / Taetile loealization 
is the ability to determine where on the body the skin has been touched. 

8. When a stimulus is applied for a prolonged period, the rate of reeeptor 
diseharge slows, and conscious awareness of the stimulus deelines. This 
phenomenon is known as 

a. aeeommodation e. adjustment 

b. adaptation d. diseernment 

9. Circle True or False. Pain is always pereeived in the same area of the body 
that is reeeiving the stimulus. 


(Text continues on next page.) 
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10. You will test referred pain in this aetivity by immersing 
the subject's 

a. faee in iee water to test the eranial nerve response 

b. elbow in iee water to test the ulnar nerve response 


e. hand in iee water to test the axillary nerve response 
d. leg in iee water to test the seiatie nerve response 



eople are very responsive to stimnli, which are ehanges 
within a person’s environment. Hold a sizzling steak be- 
fore them and their mouths water. Flash your high beams 
in their eyes on the highway and they cuss. Tiekle them and they 
giggle. These and many other stimuli continually assault us. 

The body’s sensory reeeptors reaet to stimuli. The tiny 
sensory reeeptors of the general senses reaet to touch, pres- 
sure, pain, heat, eold, streteh, vibration, and ehanges in posi- 
tion and are distributed throughout the body. In eontrast to 
these widely distributed general sensory reeeptors, the reeep- 
tors of the speeial senses are large, complex sense organs 
or small, loealized groups of reeeptors. The speeial senses 
include vision, hearing, equilibrium, smell, and taste. 

Sensory reeeptors may be elassified by the type of stimu- 
lus they deteet (for example touch, pain, or temperature), their 


stmcture (free nerve endings or complex encapsulated stme- 
tures), or their body loeation. Exteroceptors reaet to stimuli in 
the extemal environment, and typieally they are found elose to the 
body surface. Exteroceptors include the simple cutaneous reeep- 
tors in the skin and the highly speeialized reeeptor stmctures of 
the speeial senses (the vision apparatus of the eye, and the hearing 
and equilibrium reeeptors of the ear, for example). interoeep- 
tors or viseeroeeptors respond to stimuli arising within the body. 
interoeeptors are found in the intemal viseeral organs and include 
streteh reeeptors (in walls of hollow organs), ehemoreeeptors, 
and others. Proprioeeptors, like interoeeptors, respond to inter- 
nal stimuli but are restrieted to skeletal muscles, tendons, joints, 
hgaments, and eonneetive tissue eoverings of bones and muscles. 
They provide information about body movements and position 
by monitoring the degree of streteh of those stmctures. 


Taetile corpuscle 

(touch, light pressure) 


Free nerve endings 

(pain, temperature) 


Epidermis 





Taetile 

corpuscle 

(b) 


Dermal 

papilla 


Epidermis 


Dermis 


Bulbous 

corpuscle 

(deep 

continuous 

pressure) 


Hair folliele 
reeeptor 

(hair movement, 
light touch) 


Lamellar 

corpuscle 

(deep 

pressure) 


(a) 





i 





Dermis 


Free nerve Epidermal 
endings eells 

















3 ■ 








I, f / r / 

, il í V ' ■ / !7 7 



/ •/ 


I/ 



.W 


I i 




I, \ 


A 



t , < 

/ y/m 

X f -■■■. / , 


• . il> ■ 



■ ■I 




>0 m 


- ■“ ■ 



J 





. — —in 

_ 


/ 

Vi j 

l__ /s : L P', "V _ 




Lamellar corpuscle 


(d) 


Figure 22.1 Examples of cutaneous reeeptors. Drawing (a) and photomierographs 
(b-d). (a) Free nerve endings, hair folliele reeeptor, taetile corpuscles # lamellar 
eorposeles, and bulbous corpuscle. Taetile (Merkel) dises are not illustrated. (b) Taetile 
corpuscle in a dermal papilla (300x). (e) Free nerve endings at dermal-epidermal 
junction (330x). (d) Cross seetion of a lamellar corpuscle in the dermis (220x). 
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The reeeptors of the speeial sense organs are complex 
and deserve eonsiderable study. (The speeial senses are eov- 
ered separately in Exercises 23-26). Only the anatomieally 
simpler general sensory reeeptors —cutaneous reeeptors 
and proprioeeptors—will be studied in this exercise. 

Structure of General 
Sensory Reeeptors 

You eannot beeome aware of ehanges in the environment unless 
your sensory neurons and their reeeptors are operating properly. 
Sensory reeeptors are either modified dendritie endings or spe- 
eialized eells assoeiated with the dendrites that are sensitive to 
speeifie environmental stimuli. They reaet to such stimuli by 
initiating a nerve impulse. Several histologieally distinet types 
of general sensory reeeptors have been identified in the skin. 
(Their structures are depieted in Figiire 22.1.) 

Many referenees link reeeptor types to speeifie stimuli; 
however, one type of reeeptor ean respond to several kinds 
of stimuli. Likewise, several different types of reeeptors ean 
respond to similar stimuli. Certainly, intense stimulation of 
any of them is always interpreted as pain. 

The least speeialized of the cutaneous reeeptors are the 
nonencapsulated (free) nerve endings of sensory neurons 
(Figure 22. le), which respond ehiefly to pain and tempera- 
ture. The pain reeeptors are widespread in the skin and make 
up a sizable portion of the viseeral interoeeptors. Certain free 
nerve endings assoeiate with speeifie epidermal eells to form 
taetile (Merkel) dises, or entwine in hair follieles to form 
hair folliele reeeptors. Both taetile dises and hair folliele 
reeeptors fimetion as light touch reeeptors. 

The other cutaneous reeeptors are a bit more complex, 
and the nerve endings are encapsulated by eonneetive tissue 


capsules. Taetile corpuscles respond to light touch. They 
are loeated in the dermal papillae of hairless (glabrous) skin 
only (Figure 22.lb). Bulbous corpuscles appear to respond 
to deep pressure and streteh stimuli. Lamellar corpuscles 
are anatomieally more distinetive than bulbous corpus- 
eles and lie deepest in the dermis (Figure 22.ld). Lamel- 
lar corpuscles respond only when deep pressure is first 
applied. They are best suited to monitor high-frequency 
vibrations. 


A C T I V I T Y 1 


Studying the Structure of Seleeted 

Sensory Reeeptors 

F Obtain a compound mieroseope and histologie slides of 
lamellar and taetile corpuscles. Loeate, under low power, a 
taetile corpuscle in the dermal layer of the skin. As mentioned 
above, these are usually found in the dermal papillae. Then 
switch to the oil immersion lens for a detailed study. Notiee 
that the free nerve fibers within the capsule are aligned par- 
allel to the skin surface. Compare your observations to the 
photomierograph of a taetile corpuscle (Figure 22. lb). 

2. Next observe a lamellar corpuscle loeated much deeper in 
the dermis. Try to identify the slender naked nerve ending in the 
eenter of the reeeptor and the heavy capsule of eonneetive tissue 
surrounding it (which looks rather like an onion cut length- 
wise). Also, notiee how much larger the lamellar corpuscles are 
than the taetile corpuscles. Compare your observations to the 
photomierograph of a lamellar corpuscle (Figure 22. ld). 

3. Obtain slides of muscle spindles and tendon organs, 
the two major types of proprioeeptors (Figure 22.2). In 
the slide of muscle spindles, note that minute extensions 


Flower spray endings 
(seeondary sensory 
endings) 


y Efferent (motor) 
fiber to muscle spindle 


Anulospiral 

endings 

(primary 

sensory 

endings) 


Muscle 
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Tendon organ 


a Efferent 
(motor) fiber 
to extrafusal 
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Extrafusal 

muscle 

fiber 


lntrafusal 

muscle 

fibers 


Sensory 

fiber 


Tendon 



Extrafusal muscle fibers 


Capsule 


lntrafusal muscle fibers 



(a) 

Figure 22.2 Proprioeeptors. (a) Diagram of a muscle spindle and tendon organ. 
Myelin has been omitted from all nerve fibers for elarity. (b) Photomierograph 
of a muscle spindle (80x). 
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of the nerve endings of the sensory neurons eoil around 
speeialized slender skeletal muscle eells ealled intrafusal 
fibers. The tendon organs are eomposed of nerve endings 
that ramify through the tendon tissue elose to the attaeh- 
ment between muscle and tendon. Stretehing of muscles 
or tendons excites these reeeptors, which then transmit 
impulses that ultimately reaeh the cerebellum for interpre- 
tation. Compare your observations to the proprioeeptor art 
(Figure 22.2). H 

Reeeptor Physiology 

Sensory reeeptors aet as transducers, ehanging environmen- 
tal stimuli into nerve impulses that are relayed to the CNS. 
Sensation (awareness of the stimulus) and pereeption (inter- 
pretation of the meaning of the stimulus) occur in the brain. 
Nerve impulses from cutaneous reeeptors are relayed to the 
primary somatosensory cortex, where stimuli from different 
body regions form a body map. Therefore, eaeh loeation on 
the body is represented by a speeifie eortieal area. It is this 
eortieal organization that allows us to know exactly where a 
sensation eomes from. Further interpretation of the sensory 
information occurs in the somatosensory assoeiation cortex. 

Four qualities of cutaneous sensations have traditionally 
been reeognized: taetile (touch), heat, eold, and pain. Map- 
ping these sensations on the skin has revealed that the sensory 
reeeptors for these qualities are not distributed uniformly. 
Instead, they have diserete loeations and are eharaeterized by 
clustering at eertain points— punctate distribution. 

The simple pain reeeptors, extremely important in pro- 
teeting the body, are the most numerous. Touch reeeptors 
cluster where greater sensitivity is desirable, as on the hands 
and faee. It may be surprising to learn that rather large areas 
of the skin are quite insensitive to touch because of a relative 
laek of touch reeeptors. 

There are several simple experiments you ean conduct to 
investigate the loeation and physiology of cutaneous reeep- 
tors. In eaeh of the following aetivities, work in pairs with 
one person as the subject and the other as the experimenter. 
After you have eompleted an experiment, switch roles and go 
through the procedures again so that all elass members obtain 
individual results. Keep an accurate account of eaeh test that 
you perform. 

Two-Point Diserimination Test 

As noted, the density of the touch reeeptors varies signifi- 
eantly in different areas of the body. In general, areas that 
have the greatest density of taetile reeeptors have a height- 
ened ability to “feel.” These areas eorrespond to areas that 
reeeive the greatest motor innervation; thus they are also 
typieally areas of fine motor eontrol. 

On the basis of this information, which areas of the 
body do you prediet will have the greatest density of touch 
reeeptors? 


A C T I V I T Y 2 



Determining the Two-Point Threshold 

1. Using ealipers or an esthesiometer and a metrie rnler, 
test the ability of the subject to differentiate two distinet 


sensations when the skin is touched simultaneously at two 
points. Beginning with the faee, start with the ealiper arms 
eompletely together. Gradually inerease the distanee between 
the arms, testing the subject’s skin after eaeh adjustment. 
Continue with this testing procedure until the subject reports 
that two points of eontaet ean be felt. This measurement, the 
smallest distanee at which two points of eontaet ean be felt, is 
the two-point threshold. 

2. Repeat this procedure on the baek and palm of the 
hand, fingertips, lips, baek of the neek, and ventral forearm. 
Reeord your results in the ehart Determining Two-Point 
Threshold. 

3. Which area has the smallest two-point threshold? 



Taetile Loealization 

Taetile loealization is the ability to determine which por- 
tion of the skin has been touched. The taetile reeeptor field 
of the body periphery has a eorresponding 4í touch” field 
in the brain’s primary somatosensory cortex. Some body 
areas are well represented with touch reeeptors, allowing 
taetile stimuli to be loealized with great accuracy, but touch- 
reeeptor density in other body areas allows only crude 
diserimination. 


Determining Two-Point Threshold 


Body area tested 

Two-point 
threshold (mm) 

Faee 


Baek of hand 


Palm of hand 


Fingertip 


Lips 


Baek of neek 


Ventral forearm 



AOTIVITY 3 



Testing Taetile Loealization 

1. The subject’s eyes should be elosed during the testing. 
The experimenter touches the palm of the subject’s hand with 
a pointed blaek felt-tipped marker. The subject should then 
try to touch the exact point with his or her own marker, which 
should be of a different eolor. Measure the error of loealiza- 
tion in millimeters. 

2. Repeat the test in the same spot twice more, reeording 
the error of loealization for eaeh test. Average the results of 
the three determinations, and reeord it in the ehart Testing 
Taetile Loealization. 
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Testing Taetile Loealization 

Body area tested 

Average error (mm) 

Palm of hand 


Fingertip 


Ventral forearm 


Baek of hand 


Baek of neek 



Does the ability to loealize the stimulus improve the seeond 


time?_The third time? 

Explain._ 


3. Repeat the preeeding procedure on a fingertip, the ventral 
forearm, the baek of a hand, and the baek of the neek. Reeord 
the averaged results in the ehart above. 

4. Which area has the smallest error of loealization? 


Adaptation of Sensory Reeeptors 

The number of impulses transmitted by sensory reeeptors 
often ehanges both with the intensity of the stimulus and with 
the length of time the stimulus is applied. In many eases, when 
a stimulus is applied for a prolonged period, the rate of reeep- 
tor diseharge slows and conscious awareness of the stimulus 
deelines or is lost until some type of stimulus ehange occurs. 
This phenomenon is referred to as adaptation. The touch 
reeeptors adapt particularly rapidly, which is highly desirable. 
Who, for instanee, would want to be continually aware of the 
pressure of elothing on their skin? The simple experiments to 
be conducted next allow you to investigate the phenomenon 
of adaptation. 


AOTIVITY 4 


Demonstrating Adaptation 
of Touch Reeeptors 

1. The subject’s eyes should be elosed. Obtain four eoins. 
Plaee one eoin on the anterior surface of the subject’s fore- 
arm, and determine how long the sensation persists for the 
subject. Duration of the sensation: 

_see 

2. Repeat the test, plaeing the eoin at a different forearm 
loeation. How long does the sensation persist at the seeond 
loeation? 

_see 

3. After awareness of the sensation has been lost at the see- 
ond site, staek three more eoins atop the first one. 


Does the pressure sensation return?_ 

If so, for how long is the subject aware of the pressure in this 
instanee? 

_see 

Are the same reeeptors being stimulated when the four eoins, 

rather than the one eoin, are used?_ 

Explain._ 


4. To further illustrate the adaptation of touch reeeptors—in 
this ease, the hair folliele reeeptors—gently and slowly bend one 
hair shaft with a pen or peneil until it springs baek (away from 
the peneil) to its original position. Is the taetile sensation greater 
when the hair is being slowly bent or when it springs baek? 


Why is the adaptation of the touch reeeptors in the hair fol- 
lieles particularly important to a woman who wears her hair 
in a ponytail? If the answer is not immediately apparent, eon- 
sider the opposite phenomenon: what would happen, in terms 
of sensory input from her hair follieles, if these reeeptors did 
not exhibit adaptation? 


A C T I V I T Y 5 


Demonstrating Adaptation 
of Temperature Reeeptors 

Adaptation of the temperature reeeptors ean be tested using 
some very unsophisticated methods. 

1. Obtain three large finger bowls or 1000-ml beakers and 
fill the first with 45°C water. Have the subject immerse her or 
his left hand in the water and report the sensation. Keep the 
left hand immersed for 1 minute and then also immerse the 
right hand in the same bowl. 

What is the sensation of the left hand when it is first immersed? 


What is the sensation of the left hand after 1 minute as eom- 
pared to the sensation in the right hand just immersed? 


Had adaptation occurred in the left hand?_ 

2. Rinse both hands in tap water, dry them, and wait 
5 minutes before conducting the next test. Just before begin- 
ning the test, refill the finger bowl with fresh 45°C water, fill 
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a seeond with iee water, and fill a third with water at room 
temperature. 

3. Plaee the left hand in the iee water and the right hand 
in the 45°C water. What is the sensation in eaeh hand after 
2 minutes as eompared to the sensation pereeived when the 
hands were first immersed? 


Which hand seemed to adapt more quickly? 


4. After reporting these observations, the subject should 
then plaee both hands simultaneously into the finger bowl 
eontaining the water at room temperature. Reeord the sensa- 


However, the phenomenon of referred pain is easily 
demonstrated in the laboratory, and such experiments pro- 
vide information that may be useful in explaining eommon 
examples of this phenomenon. Referred pain is a sensory 
experience in which pain is pereeived as arising in one area 
of the body when in faet another, often quite remote area, 
is reeeiving the painful stimulus. Thus the pain is said to be 
“referred” to a different area. The phenomenon of projeetion, 
the proeess by which the brain refers sensations to their usual 
point of stimulation, provides the simplest explanation of 
such experiences. Many of us have experienced referred pain 
as a radiating pain in the forehead, sometimes referred to as 
“brain freeze,” after quickly swallowing an iee-eold drink. 
Referred pain is important in many types of elinieal diagnosis 
because damage to many viseeral organs results in this phe- 
nomenon. For example, inadequate oxygenation of the heart 
muscle often results in pain being referred to the ehest wall 
and left shoulder (angina peetoris), and the reflux of gastrie 
juice into the esophagus causes a sensation of intense diseom- 
fort in the thorax referred to as heartburn. 


tion in the left hand: 


The right hand: 



The sensations that the subject experiences when both 
hands were put into room-temperature water are ealled nega- 
tive afterimages. They are explained by the faet that sensa- 
tions of heat and eold depend on the speed of heat loss or gain 
by the skin and differenees in the temperature gradient. M 

Referred Pain 

Experiments on pain reeeptor loealization and adaptation are 
eommonly conducted in the laboratory. However, there are 
eertain problems with such experiments. Pain reeeptors 
are densely distributed in the skin, and they adapt very little, 
if at all. This laek of adaptability is due to the proteetive func- 
tion of the reeeptors. The sensation of pain often indieates 
tissue damage or trauma to body structures. Thus no attempt 
will be made in this exercise to loealize the pain reeeptors or 
to prove their nonadaptability, sinee both would cause need- 
less diseomfort to those of you aeting as subjects and would 
not add any additional insight. 


A C T I V I T Y 6 



Demonstrating the Phenomenon 
of Referred Pain 

Immerse the subject’s elbow in a finger bowl eontaining iee 
water. In the ehart Demonstrating Referred Pain, reeord 
the quality (such as diseomfort, tingling, or pain) and the 
quality progression of the sensations he or she reports for 
the intervals indieated. The elbow should be removed from 
iee water after the 2-minute reading. The last reeording is to 
occur 3 minutes after removal of the subject’s elbow from the 
iee water. 

Also reeord the loeation of the pereeived sensations. 
The ulnar nerve, which serves the medial third of the hand, is 
involved in the phenomenon of referred pain experienced dur- 
ing this test. How does the loealization of this referred pain 
eorrespond to the areas served by the ulnar nerve? 



Demonstrating Referred Pain 


Time of observation 

Quality of sensation 

Loealization of sensation 

On immersion 



After 1 min 



After 2 min 



3 min after removal 
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GROUP GHALLEMGE 


Odd Reeeptor Out 


Eaeh group below eontains four reeeptors. One of the 
listed reeeptors does not share a eharaeteristie with 
the other three. Circle the reeeptor that doesn’t belong 
with the others and explain why it is singled out. What 


eharaeteristie is it missing? Remember to eonsider both 
structural and functional similarities. Sometimes there 
may be multiple reasons why the reeeptor doesn’t belong 
with the others. 


1. Which is the "odd reeeptor"? 

Why it is the odd one out? 

Bulbous corpuscle 

Lamellar corpuscle 

Tendon organ 

Taetile corpuscle 


2. Which is the "odd reeeptor"? 

Why it is the odd one out? 

Tendon organ 

Muscle spindle 

Hair folliele reeeptor 

Free nerve endings 
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Stmetiire of General Sensory Reeeptors 


1. Differentiate between interoeeptors and exteroceptors relative to loeation and stimulus source 


interoeeptor: 


exteroceptor: 


2. A number of aetivities and sensations are listed in the ehart below. For eaeh, eheek whether the reeeptors would be 
exteroceptors or interoeeptors; and then name the speeifie reeeptor types. (Because viseeral reeeptors were not deseribed 
in detail in this exercise, you need only indieate that the reeeptor is a viseeral reeeptor if it falls into that eategory.) 


Aetivity or sensation 

Exteroceptor 

interoeeptor 

Speeifie reeeptor type 

Baeking into a sun-heated iron railing 




Someone steps on your foot 




Reading a book 




Leaning on your elbows 




Doing sit-ups 




The "too full" sensation 




Seasiekness 








Reeeptor Physiology 

3. Explain how the sensory reeeptors aet as transducers. 


4. Define stimulus. _ 

5. What was demonstrated by the two-point diserimination test? 


How well did your results eorrespond to your predietions? 


What is the relationship between the accuracy of the subject’s taetile loealization and the results of the two-point diserimi- 


nation test? 
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6 . Define punctate distribution. 


7. Several questions regarding general sensation are posed below. Answer eaeh by plaeing your response in the appropriately 
numbered blanks to the right. 


1. Which cutaneous reeeptors are the most numerous? 1. 

2-3. Which two body areas tested were most sensitive to touch? 2-3. 

4-5. Which two body areas tested were least sensitive to touch? 4-5. 

6 - 8 . Where would referred pain appear if the following organs 6 . 

were reeeiving painful stimuli: ( 6 ) gallbladder, (7) kidneys, 
and ( 8 ) appendix? (Use your textbook if neeessary.) 7 

9. Where was referred pain felt when the elbow was immersed 8 

in iee water during the laboratory experiment? 

9. 

10. What region of the eerebmm interprets the kind and intensity 

of stimuli that cause cutaneous sensations? 1 n 


8 . Define adaptation ofsensory reeeptors. 


9. Why is it advantageous to have pain reeeptors that are sensitive to all vigorous stimuli, whether heat, eold, or pressure? 


Why is the nonadaptability of pain reeeptors important? 


10. Imagine yourself without any cutaneous sense organs. Why might this be very dangerous? 


11. Define referred pain. 


What is the probable explanation for referred pain? (Consult your textbook or an appropriate referenee if neeessary.) 

























MATERIALS 

□ Chart of eye anatomy 

□ Disseetible eye model 

□ Prepared slide of longitudinal seetion 
of an eye showing retinal layers 

□ Compound mieroseope 

□ Preserved cow or sheep eye 

□ Disseeting instruments and tray 

□ Disposable gloves 


OBJECTIVES 

1. Identify the external, internal, and aeeessory anatomieal structures of 
the eye on a model or appropriate image and list the function(s) of 
eaeh; identify the structural eomponents that are present in a preserved 
sheep or cow eye (if available). 

2. Define conjunctivitis, eataraet, and giaucoma. 

3. Deseribe the cellular makeup of the retina. 

4. Explain the differenee between rods and eones with respeet to visual 
pereeption and retinal loealization. 




5. Traee the visual pathway to the primary visual cortex, and indieate the 
effeets of damage to various parts of this pathway. 


PRE-LAB Q U I Z 

1. Name the mucous membrane that lines the internal surface of the 
eyelids and continues over the anterior surface of the eyeball. 


2. How many extrinsic eye muscles are attaehed to the exterior surface of 
eaeh eyeball? 

a. three e. five 

b. four d. six 

3. The wall of the eye has three layers. The outermost fibrous layer is made 

up of the opaque white selera and the transparent_. 

a. ehoroid e. eornea 

b. eiliary gland d. laerima 

4. Circle the eorreet underlined term. The aqueous humor / vjtreous humor is 
a elear, watery fluid that helps to maintain the intraocular pressure of the 
eye and provides nutrients for the avascular lens and eornea. 

5. Circle True or False. At the optie ehiasma, the fibers from the medial side 
of eaeh eye eross over to the opposite side. 


M' 



MasteringA&P e For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PAL 


PhysioEx 


PEx 



A&PFIix A&PFIix 

Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 


Anatomy of the Eye 

External Anatomy 
and Aeeessory Structures 

T he adult human eye is a sphere measuring about 2.5 em (1 ineh) in 

diameter. Only about one-sixth of the eye’s anterior surface is observable 
(Figure 23.1); the remainder is enelosed and proteeted by a cushion of fat 
and the walls of the bony orbit. 

The laerimal apparatus eonsists of the laerimal gland, laerimal canaliculi, 
laerimal sae, and the nasolaerimal duct. The laerimal glands are situated superior 
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4>wL> 



Levator palpebrae 
superioris muscle 


Orbicularis 
oculi muscle 

Eyebrow 

Tarsal plate 

Palpebral 
eonjiinetiva 

Tarsal glands 

Oornea 


Palpebral 

fissure 


Eyelashes 


Bulbar 

conjunctiva 

Conjunctival 

sae 


Orbicularis 
oculi muscle 


Laerimal sae 


Medial commissure 


Laerimal eamnele 


llpper eyelid 


Laerimal gland 


Excretory ducts 
of laerimal glands 

Lateral commissure 


Lower eyelid 


Laerimal punctum 


Laerimal canaliculus 



Nasolaerimal duct 


Inferior meatus 
of nasal eavity 

Nostril- 


— 




Figure 23.1 External anatomy of the eye and aeeessory structures. (a) Lateral vievv; 
some structures shovvn in sagittal seetion. (b) Anterior vievv vvith laerimal apparatus. 


to the lateral aspeet of eaeh eye. They continually release a 
dilute salt solution (tears) that flows onto the anterior surface 
of the eyeball through several small ducts. The tears flush 
aeross the eyeball and through the laerimal puncta, the 
tiny openings of the laerimal canaliculi medially, then into 
the laerimal sae, and finally into the nasolaerimal duct, 
which empties into the nasal eavity. The laerimal seeretion 
also eontains lysozyme, an antibaeterial enzyme. Because it 
eonstantly flushes the eyeball, the laerimal fluid eleanses and 
proteets the eye surface as it moistens and lubricates it. As we 
age, our eyes tend to beeome dry due to deereased laerima- 
tion, and thus are more vulnerable to baeterial invasion and 
irritation. 

The anterior surface of eaeh eye is proteeted by the 
eyelids or palpebrae (Figure 23.1). The medial and lateral 
junctions of the upper and lower eyelids are referred to as the 
medial and lateral commissures (eanthi), respeetively. The 
laerimal caruncle, a fleshy raised area at the medial eommis- 
sure, produces a whitish oily seeretion. A mucous membrane, 
the conjunctiva, lines the internal surface of the eyelids (as 
the palpebral eonjimetiva) and continues over the anterior 
surface of the eyeball to its junction with the eorneal epithe- 
lium (as the bulbar conjunctiva). The conjunctiva seeretes 
mucus, which aids in lubricating the eyeball. Inflammation 
of the conjunctiva, often aeeompanied by redness of the eye, 
is ealled conjunctivitis. 

Projeeting from the border of eaeh eyelid is a row of 
short hairs, the eyelashes. The eiliary glands, modified 
sweat glands, lie between the eyelash hair follieles and help 


lubricate the eyeball. Small sebaceous glands assoeiated 
with the hair follieles and the larger tarsal glands, loeated 
posterior to the eyelashes, seerete an oily substance. An 
inflammation of one of the eiliary glands or a small oil gland 
is ealled a sty. 

Six extrinsic eye muscles attaehed to the exterior surface 
of eaeh eyeball eontrol eye movement and make it possible 
for the eye to follow a moving objeet. (The names and posi- 
tioning of these extrinsic muscles are noted inFigure23.2). 
Their aetions are given in the ehart (Figure 23.2c). 


A C T I V I T Y 1 


Identifying Aeeessory Eye Structures 

Using a ehart of eye anatomy or the art of the extrinsic eye 
muscles (Figure 23.1), observe the eyes of another student, 
and identify as many of the aeeessory structures as pos- 
sible. Ask the student to look to the left. Which extrinsic eye 
muscles are responsible for this aetion? 

Right eye:_ 

Left eye:_ 

Internal Anatomy of the Eye 

Anatomieally, the wall of the eye is eonstmeted of three lay- 
ers (Figure 23.3). The outermost fibrous layer is a protee- 
tive layer eomposed of dense avascular eonneetive tissue. 
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Inferior Inferior 

rectus oblique 

muscle muscle 


Troehlea 


Superior oblique muscle 


Superior oblique tendon 


Superior rectus muscle 


Lateral rectus muscle 


Axis at 
eenter 
of eye 



Inferior 

rectus 

muscle 

Medial 

rectus 

muscle 

Lateral 

rectus 

muscle 

Common 

tendinous 



Miisele 

Aetion 

eontrolling eranial nerve 

Lateral rectus 

Moves eye laterally 

VI (abducens) 

Medial rectus 

Moves eye medially 

III (oculomotor) 

Superior rectus 

Elevates eye and turns it medially 

III (oculomotor) 

Inferior rectus 

Depresses eye and turns it medially III (oculomotor) 

Inferior oblique 

Elevates eye and turns it laterally 

III (oculomotor) 

Superior oblique 

Depresses eye and turns it laterally 

IV (troehlear) 


(e) 


Figure 23.2 Extrinsic muscles of the eye. (a) Lateral view of the right eye. 

(b) Superior view of the right eye. (e) Summary of aetions of the extrinsic eye muscles 
and eranial nerves that eontrol them. 


It has two obviously different regions: The opaque white 
selera forms the bulk of the fibrous layer and is observable 
anteriorly as the í4 white of the eye.” Its anteriormost portion is 
modified structurally to form the transparent eornea, through 
which light enters the eye. 

The middle layer is the vascular layer, also ealled the 
uvea. Its posteriormost part, the ehoroid, is a blood-rieh 
nutritive region eontaining a dark pigment that prevents light 
seattering within the eye. Anteriorly, the ehoroid is modified 
to form the eiliary body, which is ehiefly eomposed of eili- 
ary muscles, which are smooth muscles important in eontrol- 
ling lens shape, and eiliary proeesses. The eiliary proeesses 
seerete aqueous humor. The most anterior part of the vascular 
layer is the pigmented iris. The iris is ineomplete, resulting 
in a rounded opening, the pupil, through which light passes. 

The iris is eomposed of circularly and radially arranged 
smooth muscle fibers and aets as a reflexively aetivated dia- 
phragm to regulate the amount of light entering the eye. In 
elose vision and bright light, the sphineter pupillae (circular 


muscles) of the iris eontraet, and the pupil eonstriets. In 
distant vision and in dim light, the dilator pupillae (radial 
muscles) eontraet, enlarging (dilating) the pupil and allowing 
more light to enter the eye. 

Together the sphineter pupillae and dilator pupillae 
muscles of the iris and the eiliary muscles are the intrinsie 
muscles of the eye, eontrolled by the autonomic nervous 
system. 

The innermost sensory layer of the eye is the delieate, 
two-layered retina (Figure 23.3 and Figure 23.4). The outer 
pigmented layer abuts the ehoroid and extends anteriorly 
to eover the eiliary body and the posterior side of the iris. 
The pigment eells, like those of the ehoroid, absorb light and 
prevent it from seattering in the eye. They also partieipate in 
photoreeeptor eell renewal by aeting as phagoeytes, and they 
store vitamin A needed by the photoreeeptor eells. The trans- 
parent inner neural layer extends anteriorly only to the eiliary 
body. It eontains the photoreeeptors, rods and eones, which 
begin the ehain of eleetrieal events that ultimately result in the 
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Ciliary body 
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(eontains 
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Optie dise 
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Macula lutea 
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Optie nerve 
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the retina 
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V 




Ora serrata 
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proeesses 
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Retina 


Ohoroid 
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(b) 


(e) 


Lens 

(posterior 

aspeet) 


Oiliary zonule 

(suspensory 

ligament) 


Figure 23.3 Internal anatomy of the eye. (a) Diagram of sagittal seetion of the eye. 
The vitreoiis humor is illustrated only in the bottom half of the eyeball. 

(b) Photograph of the human eye. (e) Posterior vievv of anterior half of the eye. 


transduction of light energy into nerve impulses that are trans- 
mitted to the primary visual cortex of the brain. Vision is the 
result. The photoreeeptor eells are distributed over the entire 
neural retina, except where the optie nerve leaves the eyeball. 
This site is ealled the optie dise, or blind spot, and is loeated 
in a weak spot in the fundus (posterior wall). Lateral to eaeh 


blind spot, and direetly posterior to the lens, is an area ealled 
the macula lutea (“yellow spot”), an area of high eone density. 
In its eenter is the fovea eentralis, a tiny pit about 0.4 mm in 
diameter, which eontains only eones and is the area of great- 
est visual acuity. Focusing for diseriminative vision occurs in 
the fovea eentralis. 
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Pathway of light 





Axons of 
ganglion 
eells 


Photoreeeptors 



Amaerine eell 


Horizontal eell 


Pathway of signal output 



Pathway of light 


Pigmented 
layer of retina 


Nuclei of 
ganglion 
eells 


Axons of 
ganglion eells 


Outer segments 
of rods and eones 



Nuclei 


of bipolar 
eells 



Ohoroid 


Nuclei of 
rods and 
eones 


Pigmented 
I ay e r of 
retina 



Figure 23.4 Mieroseopie anatomy of the retina. (a) Diagram of eells of the neural 
retina. Note the pathvvay of light through the retina. Neural signals (output of the 
retina) flovv in the opposite direetion. (b) Photomierograph of the retina (140x). 


Light entering the eye is focused on the retina by the 
lens, a flexible erystalline structure held vertieally in the eye’s 
interior by the eiliary zomile (suspensory ligament) attaehed 
to the eiliary body. Aetivity of the eiliary muscle, which 
accounts for the bulk of eiliary body tissue, ehanges lens 
thiekness to allow light to be properly focused on the retina. 

In the elderly the lens beeomes inereasingly hard 


and opaque. Cataracts, which often result from 
this proeess, cause vision to beeome hazy or entirely 
obstmeted. + 

The lens divides the eye into two segments: the anterior 
segment anterior to the lens, which eontains a elear watery 
fluid ealled the aqueous hrnnor, and the posterior segment 
behind the lens, filled with a gel-like substance, the vitre- 
ous humor, or vitreous body. The anterior segment is fur- 
ther divided into anterior and posterior ehambers, loeated 
before and after the iris, respeetively. The aqueous humor 
is continually formed by the eapillaries of the eiliary pro- 
eesses of the eiliary body. It helps to maintain the intraocular 


pressure of the eye and provides nutrients for the avascular 
lens and eornea. The aqueous humor is reabsorbed into the 
seleral venous sinus. The vitreous humor provides the major 
internal reinforeement of the posterior part of the eyeball, and 
helps to keep the retina pressed firmly against the wall of the 
eyeball. It is formed only before birth. 

Anything that interferes with drainage of the aque- 


ous fluid inereases intraocular pressure. When intra- 
ocular pressure reaehes dangerously high levels, the retina and 
optie nerve are eompressed, resulting in pain and possible 
blindness, a eondition ealled glaucoma. + 


A C T I V I T Y 2 



Identifying Internal Structures of the Eye 

Obtain a disseetible eye model and identify its internal 
structures deseribed above. (As you work, also refer to 
Figure 23.3.) H 
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Mieroseopie Anatomy 
of the Retina 

Cells of the retina include the pigment eells of the outer pig- 
mented layer and the inner photoreeeptors and neurons, which 
are in eontaet with the vitreous humor (see Figure 23.4). The 
inner neural layer is eomposed of three major populations of 
eells. These are, from outer to inner aspeet, the photoreeep- 
tors, the bipolar eells, and the ganglion eells. 

The rods are the speeialized reeeptors for dim light. 
Visual interpretation of their aetivity is in gray tones. The 
eones are eolor reeeptors that permit high levels of visual 
acuity, but they function only under eonditions of high light 
intensity; thus, for example, no eolor vision is possible in 
moonlight. The fovea eontains only eones, the macula eon- 
tains mostly eones, and from the edge of the macula to the 
retina periphery, eone density deelines gradually. By eontrast, 
rods are most numerous in the periphery, and their density 
deereases as the macula is approaehed. 

Light must pass through the ganglion eell layer and the 
bipolar eell layer to reaeh and excite the rods and eones. As a 
result of a light stimulus, the photoreeeptors undergo ehanges 
in their membrane potential that influence the bipolar eells. 
These in turn stimulate the ganglion eells, whose axons leave 
the retina in the tight bundle of fibers known as the optie 
nerve (Figure 23.3). The retinal layer is thiekest where the 
optie nerve attaehes to the eyeball because an inereasing 
number of ganglion eell axons eonverge at this point. It thins 
as it approaehes the eiliary body. In addition to these three 
major eell types, the retina also eontains horizontal eells and 
amaerine eells, which play a role in visual proeessing. 


AOTIVITY 3 



Studying the Mieroseopie Anatomy 
of the Retina 

Use a compound mieroseope to examine a histologie slide 
of a longitudinal seetion of the eye. Identify the retinal 
layers by eomparing your view to the photomierograph 
(Figure 23.4b). H 

DISSECTIOIM: 

The Cow (Sheep) Eye 

1. Obtain a preserved cow or sheep eye, disseeting instrn- 
ments, and a disseeting tray. Don disposable gloves. 

2. Examine the external surface of the eye, noting the thiek 
cushion of adipose tissue. Identify the optie nerve (eranial 
nerve ii) as it leaves the eyeball, the remnants of the extrinsic 
eye muscles, the conjunctiva, the selera, and the eornea. The 
normally transparent eornea is opaleseent or opaque if the eye 
has been preserved. (Refer to Figure 23.5 as you work.) 

3. Trim away most of the fat and eonneetive tissue, but leave 
the optie nerve intaet. Holding the eye with the eornea faeing 
downward, carefully make an ineision with a sharp sealpel 
into the selera about 6 mm (Va ineh) above the eornea. (The 
selera of the preserved eyeball is very tough, so you will have 
to apply substantial pressure to penetrate it.) Using seissors, 
eomplete the ineision around the circumference of the eyeball 
paralleling the eorneal edge. 



4. Carefully lift the anterior part of the eyeball away from 
the posterior portion. Conditions being proper, the vitreous 
body should remain with the posterior part of the eyeball. 

5. Examine the anterior part of the eye, and identify the 
following structures: 

Ciliary body : Blaek pigmented body that appears to be a halo 
eneireling the lens. 

Lens: Biconvex structure that is opaque in preserved 
speeimens. 

Carefully remove the lens and identify the adjaeent structures: 

Iris: Anterior continuation of the eiliary body penetrated by 
the pupil. 

Cornea: More convex anteriormost portion of the selera; 
normally transparent but cloudy in preserved speeimens. 

6 . Examine the posterior portion of the eyeball. Carefully re- 
move the vitreous humor, and identify the following structures: 

Retina: The neural layer of the retina appears as a delieate 
tan, probably emmpled membrane that separates easily from 
the pigmented ehoroid. 

Note its point of attaehment. What is this point ealled? 


Pigmented ehoroid eoat: Appears irideseent in the cow or 
sheep eye owing to a speeial refleeting surface ealled the tape- 
tum lucidum. This speeialized surface refleets the light within 
the eye and is found in the eyes of animals that live under 
eonditions of low-intensity light. It is not found in humans. ■ 

Visual Pathways to the Brain 

The axons of the ganglion eells of the retina eonverge at the 
posterior aspeet of the eyeball and exit from the eye as the 
optie nerve. At the optie ehiasma, the fibers from the medial 
side of eaeh eye eross over to the opposite side (Figure 23.6). 
The fiber traets thus formed are ealled the optie traets. Eaeh 
optie traet eontains fibers from the lateral side of the eye on 
the same side and from the medial side of the opposite eye. 

The optie traet fibers synapse with neurons in the lateral 
geniculate body of the thalamus, whose axons form the optie 
radiation, terminating in the primary visual cortex in the 
oeeipital lobe of the brain. Here they synapse with the eortieal 
neurons, and visual interpretation occurs. 


A C T I V I T Y 4 



Predieting the Effeets 
of Visual Pathway Lesions 

After examining the visual pathway diagram (Figure 23.6a), 
determine what effeets lesions in the following areas would 
have on vision: 

In the right optie nerve:_ 
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Adipose (fatty) 
eiishion 


Cornea 


Selera 


Optie nerve 


eiliary body 


Lens 



Extrinsic muscle 
attaehments 


Optie dise 


Selera 


Retina (delieate white 
membrane overlying 
the darkly pigmented 
ehoroid eoat, which 
eontains the tapetum 
lucidum) 


Figure 23.5 Anatomy of the cow eye. (a) Cow eye (entire) removed from orbit 
(notiee the large amount of fat cushioning the eyeball). (b) Cow eye (entire) with fat 
removed to show the extrinsic muscle attaehments and optie nerve. (e) Cow eye cut 
along the frontal plane to reveal internal structures. 


Through the optie ehiasma: 


In the right eerebral cortex (visual area): 



In the left optie traet: 
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Both eyes 
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Figure 23.6 Inferior vievvs of the visual pathvvay to the brain. (a) Diagram. Note 
that fibers from the lateral portion of eaeh retinal field do not eross at the optie 
ehiasma. (b) Photograph. Right side is disseeted to reveal internal structures. 







































































Anatomy of the Eye 



1. Name five aeeessory eye structures that contribute to the formation of tears and/or aid in lubrication of the eyeball, 
and then name the major seeretory product of eaeh. indieate which has antibaeterial properties by eireling the eorreet 
seeretory product. 


Aeeessory structures 

Product 














2. The eyeball is wrapped in adipose tissue within the orbit. What is the function of the adipose tissue? 


3. Why does one often have to blow one’s nose after erying? 


4. Identify the extrinsic eye muscle predominantly responsible for eaeh aetion deseribed below. 

_1. turns the eye laterally 

_2. turns the eye medially 

_3. turns the eye up and laterally 

_4. turns the eye down and medially 

_5. turns the eye up and medially 

_6. turns the eye down and laterally 

5. What is a sty?_ 


Conjunctivitis? 
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6 . Correctly identify eaeh lettered structure in the diagram by writing the letter next to its name in the numbered list. Use an 
appropriate referenee if neeessary. 



1 . anterior ehamber 

2 . anterior segment 

3. bipolareells 

4. ehoroid 

5. eiliary body and 
proeesses 

6 . eiliary muscle 

7. eiliary zonule (sus- 
pensory ligament) 


8 . eornea 

9. duramater 

10 . fovea eentralis 

11 . ganglion eells 

12 . iris 

13. lens 

14. optie dise 

15. optie nerve 


16. photoreeeptors 

17. posterior ehamber 

18. posterior segment 

19. retina 

20 . selera 

21 . seleral venous sinus 
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Notiee the arrows drawn elose to the left side of the iris in the diagram on page 368. What do they indieate? 


7. The iris is eomposed primarily of two smooth muscle layers, one arranged radially and the other circularly. 

Which of these dilates the pupil?_ 

8 . You would expect the pupil to be dilated in which of the following circumstances? Circle the eorreet response(s). 

a. in bright light b. in dim light e. focusing for near vision d. observing distant objeets 

9. The intrinsie eye muscles are eontrolled by (eirele the eorreet response): 

autonomic nervous system somatie nervous system 

10. Mateh the key responses with the deseriptive statements that follow. (Some ehoiees will be used more than onee.) 

Key: a. aqueous humor e. eornea j. retina 

b. ehoroid f. fovea eentralis k. selera 

e. eiliary body g. iris 1. seleral venous sinus 

d. eiliary proeesses of h. lens m. vitreous humor 

the eiliary body i. optie dise 

_1. flnid filling the anterior segment of the eye 

_2. the í4 white” of the eye 

_3. part of the retina that laeks photoreeeptors 

_4. modifieation of the ehoroid that eontrols the shape of the erystalline 

lens and eontains the eiliary muscle 

_5. drains aqueous humor from the eye 

_6. layer eontaining the rods and eones 

_7. siibstanee occupying the posterior segment of the eyeball 

_8. forms the bulk of the heavily pigmented vaseiilar layer 

_,_9. smooth muscle structures (2) 

_10. area of eritieal focusing and diseriminatory vision 

_11. form (by filtration) the aqueous humor 

_,_12. light-bending media of the eye (4) 


13. anterior continuation of the selera—your “window on the world” 

14. eomposed of tough, white, opaque, fibrous eonneetive tissue 
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Mieroseopie Anatomy of the Retina 

11. The two major layers of the retina are the pigmented and neural layers. In the neural layer, the neuron populations are 
arranged as follows from the pigmented layer to the vitreous humor. (Circle the proper response.) 

bipolar eells, ganglion eells, photoreeeptors photoreeeptors, ganglion eells, bipolar eells 

ganglion eells, bipolar eells, photoreeeptors photoreeeptors, bipolar eells, ganglion eells 

12. The axons of the_eells form the optie nerve, which exits from the eyeball. 

13. Complete the following statements by writing either rods or eones on eaeh blank. 

The dim light reeeptors are the_. Only_are found in the fovea eentralis, whereas 

mostly_are found in the periphery of the retina._are the photoreeeptors that operate best 

in bright light and allow for eolor vision. 

Disseetion of the Cow (Sheep) Eye 

14. What modifieation of the ehoroid that is not present in humans is found in the cow eye?_ 

What is its function? 


15. What does the retina look like? 


At what point is it attaehed to the posterior aspeet of the eyeball? 


Visual Pathways to the Brain 

16. The visual pathway to the oeeipital lobe of the brain eonsists most simply of a ehain of five eells. Beginning with the 
photoreeeptor eell of the retina, name them and note their loeation in the pathway. 


1 . 


4. 


2 


5 


3 


17. Visual field tests are done to reveal destmetion along the visual pathway from the retina to the optie region of the brain. Note 
where the lesion is likely to be in the following eases. 


Normal vision in left eye visual field; absenee of vision in right eye visual field: 


Normal vision in both eyes for right half of the visual field; absenee of vision in both eyes for left half of the visual field 


18. How is the right optie traet anatomieally different from the right optie nervel 























MATERIALS 

□ Metrie ruler; meter stiek 

□ Common straight pins 

□ Snellen eye ehart, floor marked with 
ehalk or masking tape to indieate 20-ft 
distanee from posted Snellen ehart 

□ Ishihara's eolor plates 

□ Two peneils 

□ Test tubes large enough to 
aeeommodate a peneil 

□ Laboratory lamp or penlight 

□ Ophthalmoseope (if available) 


ORJEGTIVES 

1. Discuss the meehanism of image formation on the retina. 

2. Define the following terms: aeeommodation, astigmatism, emmetropie, 
hyperopia, myopia, refraetion, and presbyopia, and deseribe several 
simple visual tests to which the terms apply. 

3. Discuss the benefits of binocular vision. 

4. Define eonvergenee and discuss the importanee of the pupillary and 
eonvergenee reflexes. 

5. State the importanee of an ophthalmoseopie examination. 




PRE-LAB Q U I Z 

1. Circle the eorreet underlined term. Photoreeeptors are distributed over the 
entire neural retina, except where the optie nerve leaves the eyeball. This 
site is ealled the maeola lutea / optie dise . 

2. Circle True or False. People with difficulty seeing objeets at a distanee are 
said to have myopia. 

3. A eondition that results in the loss of elastieity of the lens and difficulty 
focusing on a elose objeet is ealled 

a. myopia e. hyperopia 

b. presbyopia d. astigmatism 

4. Photoreeeptors of the eye include rods and eones. Which one is responsible 
for interpreting eolor; which ean function only under eonditions of high 
light intensity? 


5. Circle the eorreet underlined term. Extrinsic / intrinsie eye muscles are 
eontrolled by the autonomic nervous system. 


r 

M 



MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



The Optie Dise 

I n this exercise, you will perform several visual tests and experiments focusing 
on the physiology of vision. The first test involves demonstrating the blind 
spot (optie dise), the site where the optie nerve exits the eyeball. 


A C T I V I T Y 1 


Demonstrating the Blind Spot 

1. Hold the figure for the blind spot test (Figure 24.1) about 46 em (18 inehes) 
from your eyes. Close your left eye, and focus your right eye on the X, which 
should be positioned so that it is direetly in line with your right eye. Move the 
figure slowly toward your faee, keeping your right eye focused on the X. When 
the dot focuses on the blind spot, which laeks photoreeeptors, it will disappear. 
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Figure 24.2 Refraetion and real images. The refraetion 
of light in the eye produces a real image (reversed # 
inverted, and reduced) on the retina. 


Figure 24.1 Blind spot test figure. 


2. Have your laboratory partner reeord in metrie units the 
distanee at which this occurs. The dot will reappear as the 
figure is moved eloser. Distanee at which the dot disappears: 


Right eye 





Repeat the test for the left eye, this time elosing the right eye 
and focusing the left eye on the dot. Reeord the distanee at 
which the X disappears: 

Left eye_ 

Refraetion, Visual Acuity, 
and Astigmatism 

When light rays pass from one medium to another, their 
veloeity, or speed of transmission, ehanges, and the rays are 
bent, or refraeted. Thus the light rays in the visual field are 
refraeted as they encounter the eornea, lens, and vitreous 
humor of the eye. 

The refraetive index (bending power) of the eornea 
and vitreous humor are eonstant. But the lens’s refraetive 
index ean be varied by ehanging the lens’s shape—that is, 
by making it more or less convex so that the light is properly 
eonverged and focused on the retina. The greater the lens 
convexity, or bulge, the more the light will be bent and the 
stronger the lens. Conversely, the less the lens convexity (the 
flatter it is), the less it bends the light. 

In general, light from a distant source (over 6 m, or 
20 feet) approaehes the eye as parallel rays, and no ehange 
in lens convexity is neeessary for it to focus properly on the 
retina. However, light from a elose source tends to diverge, 
and the convexity of the lens must inerease to make elose 
vision possible. To aehieve this, the eiliary muscle eontraets, 
deereasing the tension on the eiliary zonule attaehed to the 
lens and allowing the elastie lens to “round up.” Thus, a lens 
eapable of bringing a elose objeet into sharp focus is stronger 
(more convex) than a lens focusing on a more distant objeet. 
The ability of the eye to focus differentially for objeets of near 
vision (less than 6 m, or 20 feet) is ealled aeeommodation. 
It should be noted that the image formed on the retina as a 
result of the refraetory aetivity of the lens (Figure 24.2) is a 



real image (reversed from left to right, inverted, and smaller 
than the obj eet). 

The normal, or emmetropie, eye is able to aeeommodate 
properly (Figure 24.3a). However, visual problems may 
result (1) from lenses that are too strong or too “lazy” (over- 
eonverging and underconverging, respeetively), (2) from 
structural problems such as an eyeball that is too long or too 
short to provide for proper focusing by the lens, or (3) from a 
eornea or lens with improper curvatures. 

Individuals in whom the image normally focuses in 



front of the retina are said to have myopia, or near- 
sightedness (Figure 24.3b); they ean see elose objeets without 
difficulty, but distant objeets are blurred or seen indistinetly. 
Correction requires a eoneave lens, which causes the light 
reaehing the eye to diverge. 

If the image focuses behind the retina, the individual is 
said to have hyperopia, or farsightedness. Such persons have 
no problems with distant vision but need glasses with convex 
lenses to augment the eonverging power of the lens for elose 
vision (Figure 24.3c). 

Irregularities in the curvatures of the lens and/or the 
eornea lead to a blurred vision problem ealled astigmatism. 
Cylindrically ground lenses, which eompensate for inequali- 
ties in the curvatures of the refraeting surfaces, are preseribed 
to eorreet the eondition. + 


Near-Point Aeeommodation 

The elastieity of the lens deereases dramatieally with age, 
resulting in difficulty in focusing for near or elose vision. 
This eondition is ealled presbyopia —literally, old vision. 
Lens elastieity ean be tested by measuring the near point 
of aeeommodation. The near point of vision is about 
10 em from the eye in young adults. It is eloser in ehildren 
and farther in old age. 


AOTIVITY 2 


Determining Near Point of Aeeommodation 

To determine your near point of aeeommodation, hold a 
eommon straight pin at arm’s length in front of one eye. (If 
desired, the text in the lab manual ean be used rather than a 
pin.) Slowly move the pin toward that eye until the pin image 
beeomes distorted. Have your lab partner use a metrie rnler 
to measure the distanee in eentimeters from your eye to the 
pin at this point, and reeord the distanee below. Repeat the 
procedure for the other eye. 
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Eyeball 
too long 



Eyeball 
too short 



Correction 


None required 


Concave lens 


Convex lens 


Foeal 
, plane 




Foeal 

plane 


Figure 24.3 Problems of refraetion. (a) In the emmetropie (normal) eye 7 light from 
both near and far objeets is focused properly on the retina. (b) In a myopie eye, light 
from distant objeets is brought to a foeal point before reaehing the retina. It then 
diverges. Applying a eoneave lens focuses objeets properly on the retina. (e) In the 
hyperopie eye # light from a near objeet is brought to a foeal point behind the retina. 
Applying a convex lens focuses objeets properly on the retina. The refraetory effeet of 
the eornea is ignored here. 


Near point for right eye: 


Near point for left eye:_ H 

Visual Acuity 

Visual acuity, or sharpness of vision, is generally tested 
with a Snellen eye ehart, which eonsists of letters of various 
sizes printed on a white eard. This test is based on the faet 
that letters of a eertain size ean be seen elearly by eyes with 
normal vision at a speeifie distanee. The distanee at which the 
normal, or emmetropie, eye ean read a line of letters is printed 
at the end of that line. 


AOTIVITY 3 


Testing Visual Acuity 

1. Have your partner stand 6 m (20 feet) from the posted 
Snellen eye ehart and eover one eye with a eard or hand. 
As your partner reads eaeh consecutive line aloud, eheek 


for accuracy. If this individual wears glasses, give the test 
twice—first with glasses off and then with glasses on. Do not 
remove eontaet lenses, but note that they were in plaee during 
the test. 

2. Reeord the number of the line with the smallest-sized 
letters read. If it is 20/20, the person’s vision for that eye 
is normal. If it is 20/40, or any ratio with a value less than 
one, he or she has less than the normal visual acuity. (Such 
an individual is myopie.) If the visual acuity is 20/15, vision 
is better than normal, because this person ean stand at 6 m 
(20 feet) from the ehart and read letters that are diseernible by 
the normal eye only at 4.5 m (15 feet). Give your partner the 
number of the line eorresponding to the smallest letters read, 
to reeord in step 4. 

3. Repeat the proeess for the other eye. 

4. Have your partner test and reeord your visual acuity. If 
you wear glasses, the test results without glasses should be 
reeorded first. 
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Figure 24.4 Astigmatism testing ehart. 


I 



Visual acuity, right eye without glasses: 


Figure 24.5 Overlapping of the visual fields. 


Visual acuity, right eye with glasses: _ 
Visual acuity, left eye without glasses: 
Visual acuity, left eye with glasses:_ 


A C T I V I T Y 4 


Testing for Astigmatism 

The astigmatism ehart (Figure 24.4) is designed to test for 
defeets in the refraeting surface of the lens and/or eornea. 

View the ehart first with one eye and then with the other, 
focusing on the eenter of the ehart. If all the radiating lines 
appear equally dark and distinet, there is no distortion of your 
refraeting surfaces. If some of the lines are blurred or appear 
less dark than others, at least some degree of astigmatism is 
present. 

Is astigmatism present in your left eye?_ 

Right eye?_ M 

Color Blindness 

Ishihara’s eolor plates are designed to test for defieieneies in 
the eones or eolor photoreeeptor eells. There are three eone 
types, eaeh eontaining a different light-absorbing pigment. 
One type primarily absorbs the red wavelengths of the visible 
light speetmm, another the blue wavelengths, and a third the 
green wavelengths. Nerve impulses reaehing the brain from 
these different photoreeeptor types are then interpreted (seen) 
as red, blue, and green, respeetively. Interpretation of the 
intermediate eolors of the visible light speetmm is a result of 
overlapping input from more than one eone type. 


A C T I V I T Y 5 


Testing for Color Blindness 

1. Find the interpretation table that aeeompanies the Ishihara 
eolor plates, and prepare a sheet to reeord data for the test. 
Note which plates are patterns rather than numbers. 


2. View the eolor plates in bright light or sunlight while 
holding them about 0.8 m (30 inehes) away and at right angles 
to your line of vision. Report to your laboratory partner what 
you see in eaeh plate. Take no more than 3 seeonds for eaeh 
deeision. 

3. Your partner should reeord your responses and then eheek 
their accuracy with the eorreet answers provided in the eolor 
plate book. Is there any indieation that you have some 

degree of eolor blindness?_If so, what type? 


Repeat the procedure to test your partner’s eolor vision. 

Binocular Vision 

Humans, eats, predatory birds, and most primates are 
endowed with binocular vision. Their visual fields, eaeh about 
170 degrees, overlap to a eonsiderable extent, and eaeh eye 
sees a slightly different view (Figure 24.5). The primary 
visual cortex fuses the slightly different images, providing 
depth pereeption (or three-dimensional vision). This pro- 
vides an accurate means of loeating objeets in spaee. 

In eontrast, the eyes of rabbits, pigeons, and many other 
animals are on the sides of their head. Such animals see in 
two different direetions and thus have a panoramie field of 
view and panoramie vision. A mnemonie deviee to keep 
these straight is “Eyes in the front—likes to hunt; eyes to the 
side—likes to hide.” 


AOTIVITY 6 


Testing for Depth Pereeption 

1. To demonstrate that a slightly different view is seen by 
eaeh eye, perform the following simple experiment. 

Close your left eye. Hold a peneil at arm’s length direetly 
in front of your right eye. Position another peneil direetly 
beneath it and then move the lower peneil about half the 
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distanee toward you. As you move the lower peneil, make 
sure it remains in the same plane as the stationary peneil, so 
that the two peneils continually form a straight line. Then, 
without moving the peneils, elose your right eye and open 
your left eye. Notiee that with only the right eye open, the 
moving peneil stays in the same plane as the fixed peneil, 
but that when viewed with the left eye, the moving peneil is 
displaeed laterally away from the plane of the fixed peneil. 

2. To demonstrate the importanee of two-eyed binocular 
vision for depth pereeption, perform this seeond simple 
experiment. 

Have your laboratory partner hold a test tube ereet about 
arm’s length in front of you. With both eyes open, quickly in- 
sert a peneil into the test tube. Remove the peneil, bring it baek 
elose to your body, elose one eye, and quickly and without 
hesitation insert the peneil into the test tube. (Do notfeelfor 
the test tube with the peneil!) Repeat with the other eye elosed. 

Was it as easy to dunk the peneil with one eye elosed as with 
both eyes open? 


Eye Reflexes 

Both intrinsie (internal) and extrinsic (external) muscles are 
neeessary for proper eye functioning. The intrinsie muscles, 
eontrolled by the autonomic nervous system, are those of the 
eiliary body (which alters the lens curvature in focusing) and 
the sphineter pupillae and dilator pupillae muscles of the iris 
(which eontrol pupillary size and thus regulate the amount of 
light entering the eye). The extrinsic mnseles are the rectus 
and oblique muscles, which are attaehed to the eyeball exte- 
rior (see Figure 23.2). These muscles eontrol eye movement 
and make it possible to keep moving objeets focused on the 
fovea eentralis. They are also responsible for eonvergenee, 
or medial eye movements, which is essential for near vision. 
When eonvergenee occurs, both eyes are direeted toward the 
near objeet viewed. The extrinsic eye muscles are eontrolled 
by the somatie nervous system. 


A C T I V I T Y 7 


Demonstrating Reflex Aetivity 
of intrinsie and Extrinsic Eye Musdes 

Involuntary aetivity of both the intrinsie and extrinsic muscle 
types is brought about by reflex aetions that ean be observed 
in the following experiments. 

Photopupillary Reflex 

Sudden illumination of the retina by a bright light causes the 
pupil to eonstriet reflexively in direet proportion to the light 
intensity. This proteetive response prevents damage to the 
delieate photoreeeptor eells. 

Obtain a laboratory lamp or penlight. Have your labora- 
tory partner sit with eyes elosed and hands over his or her 
eyes. Turn on the light and position it so that it shines on 
the subject’s right hand. After 1 minute, ask your partner to 
uncover and open the right eye. Quickly observe the pupil of 
that eye. What happens to the pupil? 


Shut off the light and ask your partner to uncover and open 
the opposite eye. What are your observations of the pupil? 


Aeeommodation Piipillary Reflex 

Have your partner gaze for approximately 1 minute at a dis- 
tant objeet in the lab— not toward the windows or another 
light source. Observe your partner’s pupils. Then hold some 
printed material 15 to 25 em (6 to 10 inehes) from his or her 
faee, and direet him or her to focus on it. 

How does pupil size ehange as your partner focuses on the 
printed material? 


Explain the value of this reflex. 


Convergence Reflex 

Repeat the previous experiment, this time using a pen or 
peneil as the elose objeet to be focused on. Note the position 
of your partner’s eyeballs while he or she gazes at the distant 
objeet, and then at the elose objeet. Do they ehange position 
as the objeet of focus is ehanged? 

_In what way?_ 


Explain the importanee of the eonvergenee reflex. 


Ophthalmoseopie Examination 
of the Eye (Optional) 

The ophthalmoseope is an instmment used to examine the 
fundus, or eyeball interior, to determine visually the eondition 
of the retina, optie dise, and internal blood vessels. Certain 
pathologieal eonditions such as diabetes mellitus, arteriosele- 
rosis, and degenerative ehanges of the optie nerve and retina 
ean be deteeted by such an examination. The ophthalmoseope 
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Vievving window 

(look at eye interior 
through this) 

Filter switch 
Lens 

seleetion dise 

(rotate to ehange lens in use) 

Aperture 
seleetion dial 

Rheostat eontrol 

(rotate to eontrol light intensity) 

Rheostat loek 

(on-off switch) 


Handle 



(a) (b) 

Figure 24.6 Structure and use of an ophthalmoseope. (a) Structure of an 
ophthalmoseope. (b) Proper position for beginning to examine the right eye with an 
ophthalmoseope. 


eonsists of a set of lenses mounted on a rotating dise (the lens 
seleetion dise), a light source regulated by a rheostat eon- 
trol, and a mirror that refleets the light so that the eye interior 
ean be illuminated (Fìgure 24.6a). 

The lens seleetion dise is positioned in a small slit in 
the mirror, and the examiner views the eye interior through 
this slit, appropriately ealled the viewing window. The foeal 
length of eaeh lens is indieated in diopters preeeded by a plus 
(+) sign if the lens is convex and by a negative (-) sign if 
the lens is eoneave. When the zero (0) is seen in the diopter 
window, on the examiner side of the instrament, there is no 
lens positioned in the slit. The depth of focus for viewing the 
eye interior is ehanged by ehanging the lens. 

The light is turned on by depressing the red rheostat loek 
button and then rotating the rheostat eontrol in the clockwise 
direetion. The aperture seleetion dial on the front of the 
instrament allows the nature of the light beam to be altered. 
The fílter switch, also on the front, allows the ehoiee of a 
green, unfiltered, or polarized light beam. Generally, green 
light allows for elearest viewing of the blood vessels in the 
eye interior and is most eomfortable for the subject. 

Onee you have examined the ophthalmoseope and have 
beeome familiar with it, you are ready to conduct an eye 
examination. 


A C T I V I T Y 8 



Conducting an Ophthalmoseopie 
Examination 

1. Conduct the examination in a dimly lit or darkened room 
with the subject eomfortably seated and gazing straight 
ahead. To examine the right eye, sit faee-to-faee with the 
subject, hold the instrament in your right hand, and use your 
right eye to view the eye interior (Figure 24.6b). You may 
want to steady yourself by resting your left hand on the sub- 
jeet’s shoulder. To view the left eye, use your left eye, hold the 
instrament in your left hand, and steady yourself with your 
right hand. 


2. Begin the examination with the 0 (no lens) in position. 
Grasp the instrament so that the lens dise may be rotated with 
the index finger. Holding the ophthalmoseope about 15 em 
(6 inehes) from the subject’s eye, direet the light into the pupil 
at a slight angle—through the pupil edge rather than direetly 
through its eenter. You will see a red circular area that is the 
illuminated eye interior. 


3. Move in as elose as possible to the subject’s eornea (to 
within 5 em, or 2 inehes) as you continue to observe the area. 
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Central 
artery 
and vein 
emerging 
from the 
optie dise 


Optie dise 


Macula 

lutea 


Retina 


F gure 24.7 Fundus (posterior wall) of right retina. 


set, the fundus of the right eye should appear as in the pho- 
tograph (Figure 24.7). (Note: If a positive [convex] lens is 
required and your eyes are normal, the subject has hyperopia. 
If a negative [eoneave] lens is neeessary to view the fundus 
and your eyes are normal, the subject is myopie.) 

When the examination is proeeeding eorreetly, the sub- 
jeet ean often see images of retinal vessels in his own eye that 
appear rather like eraeked glass. If you are unable to aehieve a 
sharp focus or to see the optie dise, move medially or laterally 
and begin again. 

4. Examine the optie dise for eolor, elevation, and sharpness 
of outline, and observe the blood vessels radiating from near 
its eenter. Loeate the macula, lateral to the optie dise. It is a 
darker area in which blood vessels are absent, and the fovea 
appears to be a slightly lighter area in its eenter. The macula is 
most easily seen when the subject looks direetly into the light 
of the ophthalmoseope. 


Steady your instmment-holding hand on the subject’s eheek if 
neeessary. If both your eye and that of the subject are normal, 
the fundus ean be viewed elearly without further adjustment 
of the ophthalmoseope. If the fundus eannot be focused, 
slowly rotate the lens dise counterclockwise until the fundus 
ean be elearly seen. When the ophthalmoseope is eorreetly 


| Do not examine the macula for longer than 1 seeond at 
* a time. 

5. When you have finished examining your partner’s retina, 
shut off the ophthalmoseope. Change plaees with your partner 
(beeome the subject) and repeat steps 1-4. H 
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and Experiments 


The Optie Dise, Refraetion, Visual Acuity, and Astigmatism 


1. Explain why vision is lost when light hits the blind spot. 


Mateh the terms in column B 

with the deseriptions in column A. 



Column A 



Column B 


1 . 

light bending 

a. 

aeeommodation 


2. 

ability to focus for elose (less than 20 feet) vision 

b. 

astigmatism 


3. 

normal vision 

e. 

eonvergenee 


4. 

inability to focus well on elose objeets (farsightedness) 

d. 

emmetropia 


5. 

nearsightedness 

e. 

hyperopia 


6. 

blurred vision due to unequal curvatures of the lens or eornea 

f. 

myopia 


7. 

medial movement of the eyes during focusing on elose objeets 

g- 

refraetion 


h 







> 



3. Complete the following statements: 

In farsightedness, the light is focused 1 the retina. 1. 

The lens required to treat myopia is a 2 lens. The “near 
point” inereases with age because the 3 of the lens 2 . 

deereases as we get older. A convex lens, like that of the 
eye, produces an image that is upside down and reversed ^ 

from left to right. Such an image is ealled a 4 image. 

4. 


4 . Use terms from the key to eomplete the statements eoneerning near and distanee vision. (Some ehoiees will be used more 


than onee.) 

Key: a. eontraeted 


b. deereased 


e. inereased 


d. relaxed 


e. taut 


During distanee vision, the eiliary muscle is 


, the eiliary zonule is 


, the convexity of the lens 


ìs 


, and light refraetion is 


. During elose vision, the eiliary muscle is 


, the eiliary zonule is 


, lens convexity is 


, and light refraetion is 


5. Using your Snellen eye test results, answer the following questions 


Is your visual acuity normal, less than normal, or better than normal? 


Explain your answer. 
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Explain why eaeh eye is tested separately when using the Snellen eye ehart. 


Explain 20/40 vision. 


Explain 20/10 vision. 


6. Define astigmatism. 


How ean it be eorreeted? 

7. Define presbyopia. _ 


What causes it?_ 

Color Blindness 

8. To which wavelengths of light do the three eone types of the retina respond maximally? 

_,_, and_ 

9. How ean you explain the faet that we see a great range of eolors even though only three eone types exist? 


Binocular Vision 

10. Explain the differenee between binocular and panoramie vision. 


What is the advantage of binocular vision?_ 

What faetor(s) are responsible for binocular vision? 


Eye Reflexes 

11. In the experiment on the eonvergenee reflex, what happened to the position of the eyeballs as the objeet was moved eloser 
to the subject’s eyes?_ 


What extrinsic eye muscles eontrol the movement of the eyes during this reflex? 
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What is the value of this reflex? 


12. In the experiment on the photopupillary reflex, what happened to the pupil of the eye exposed to light? 
_What happened to the pupil of the nonilluminated eye?_ 


Explanation? 


Ophthalmoseopie Examination 

13. Why is the ophthalmoseopie examination an important diagnostie tool? 


14. Many eollege students stmggling through mountainous reading assignments are told that they need glasses for “eyestrain.” 
Why is it more of a strain on the extrinsic and intrinsie eye muscles to look at elose objeets than at far objeets? 
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MATERIALS 


Speeial Senses: 

Hearing and Equilibrium 


□ Three-dimensional disseetible ear 
model and/or ehart of ear anatomy 

□ Otoseope (if available) 

□ Disposable otoseope tips (if available) 
and autoclave bag 

□ Aleohol svvabs 

□ Compound mieroseope 

□ Prepared slides of the eoehlea of 
the ear 

□ Absorbent eotton 

□ Poeket vvateh or eloek that tieks 

□ Metrie ruler 

□ Tuning forks (range of frequencies) 

□ Rubber mallet 

□ Audiometer and earphones 

□ Red and blue peneils 

□ Demonstration: Mieroseope focused on 
a slide of a erista ampullaris reeeptor 
of a semicircular eanal 

□ Three eoins of different sizes 

□ Rotating ehair or stool 

□ Blaekboard and ehalk or vvhiteboard 
and markers 


M: 




MasteringA&P 8 For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you vvill find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 





OBJECTIVES 

1. Identify the anatomieal structures of the external, middle, and internal 
ear on a model or appropriate diagram, and explain their functions. 

2. Deseribe the anatomy of the organ of hearing (spiral organ in the 
eoehlea), and explain its function in sound reeeption. 

3. Discuss hovv one is able to loealize the source of sounds. 

4. Define sensorineural deafness and conduction deafness and relate these 
eonditions to the Weber and Rinne tests. 




5. Deseribe the anatomy of the organs of equilibrium in the internal ear 
(eristae ampullares and maculae), and explain their relative function in 
maintaining equilibrium. 

6. State the loeations and functions of endolymph and perilymph. 

7. Discuss the effeets of aeeeleration on the semicircular eanals. 

8. Define nystagmus and relate this event to the balanee and Barany tests. 

9. State the purpose of the Romberg test. 

10. Explain the role of vision in maintaining equilibrium. 


PRE-LAB Q U I Z 

1. Circle the eorreet underlined term. The ear is divided into three / four major 
areas. 

2. The external ear is eomposed primarily of the_and the 

external acoustic meatus. 

a. auricle e. eardmm 

b. eoehlea d. stapes 

3. Circle the eorreet underlined term. Sound vvaves that enter the external 
acoustic meatus eventually encounter the tvmpanie membrane / oval vvindovv. 
vvhieh then vibrates at the same frequency as the sound vvaves hitting it. 

4. Three small bones found vvithin the middle ear are the malleus, incus, 

and_. 

a. auricle b. eoehlea 

e. eardmm d. stapes 

5. The snail-like_, found in the internal ear, eontains sensory 

reeeptors for hearing. 

a. eoehlea e. semicircular eanals 

b. lobule d. vestibule 

6. Circle the eorreet underlined term. Today you vvill use an ophthalmoseope / 
otoseope to examine the ear. 

7. The_test is used for eomparing bone and air-conduction 

hearing. 

a. Barany e. Weber 

b. Rinne 


(Text eontimies on next page.) 
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Exercise 25 


8. The equilibrium apparatus of the ear, the vestibular 
apparatus, is found in the 

a. external ear c. middle ear 

b. internal ear 

9. Circle the eorreet underlined terms. The erista ampullaris / 
macula loeated in the semicircular duct / vestibule is 
essential for deteeting statie equilibrium. 


10. Nystagrrms is 

a. ability to hear only high-frequency tones 

b. ability to hear only low-frequency tones 

e. involuntary trailing of eyes in one direetion, then 
rapid movement in the other 
d. sensation of dizziness 


T he ear is a complex structure eontaining sensory reeep- 

tors for hearing and equilibrium. The ear is divided 
into three major areas: the external ear, the middle ear, 
and the internal ear (Figure 25.1). The external and middle 
ear structures serve the needs of the sense of hearing only, 
whereas internal ear structures function both in equilibrium 
and hearing reeeption. 

Anatomy of the Ear 

Gross Anatomy 


A C T I V I T Y 1 


Identifying Structures of the Ear 

Obtain a disseetible ear model or ehart of ear anatomy and 
identify the structures deseribed below. (Refer to Figure 25.1 
as you work.) H 

The external (outer) ear is eomposed primarily of the 
auricle and the external acoustic meatus. The auricle, or 


pinna,* is the skin-eovered cartilaginous structure eneir- 
eling the auditory eanal opening. In many animals, it eolleets 
and direets sound waves into the external auditory eanal. In 
humans this function of the pinna is largely lost. The portion 
of the pinna lying inferior to the external auditory eanal is 
the lobule. 

The external acoustic meatus, or external auditory 
eanal,* is a short, narrow (about 2.5 em long by 0.6 em wide) 
ehamber earved into the temporal bone. In its skin-lined 
walls are wax-secreting glands ealled ceruminous glands. 
Sound waves that enter the external auditory meatus eventu- 
ally encounter the tympanie membrane, or eardrmn, which 
vibrates at exactly the same frequency as the sound wave(s) 
hitting it. The membranous eardmm separates the external 
from the middle ear. 

The middle ear is essentially a small ehamber—the 
tympanie eavity —found within the temporal bone. The 

*Although the preferred anatomieal terms for pinna and external 
auditory eanal are auricle and external acoustic meatus, “pinna” and 
“external auditory eanal” are heard often in elinieal situations and 
will continue to be used here. 


Auricle 

(pinna) 


Helix 


Lobule 


Middle 


Internal ear 
(labyrinth) 



Figure 25.1 Anatomy of the ear 
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Semieireiilar ducts in 
semicircular eanals 

Anterior 

Posterior 

Lateral 




Temporal 

bone 
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Cristae ampullares 
in the membranous 
ampullae 


Lltriele in vestibule 


Saccule in vestibule 
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Stapes in 
oval window 


Faeial nerve 

Vestibular nerve 

Superior vestibular ganglion 
Inferior vestibular ganglion 

Cochlear nerve 

Maculae 

Spiral organ 

Cochlear duct in eoehlea 

Round window 


Figure 25.2 Internal ear. Right membranous labyrinth (blue) shovvn vvithin the 
bony labyrinth (tan). The loeations of sensory organs for hearing and equilibrium are 
shovvn in purple. 


eavity is spanned by three small bones, eolleetively ealled 
the auditory ossieles (malleus, incus, and stapes), which 
articulate to form a lever system that amplifies and transmits 
the vibratory motion of the eardram to the fluids of the inner 
ear via the oval window. The ossieles are often referred to by 
their eommon names: hammer, anvil, and stirrap, respeetively. 

Connecting the middle ear ehamber with the nasophar- 
ynx is the pharyngotympanie (auditory) tube (formerly 
known as the eustachian tube). Normally this tube is flattened 
and elosed, but swallowing or yawning ean cause it to open 
temporarily to equalize the pressure of the middle ear eavity 
with external air pressure. This is an important function. The 
eardram does not vibrate properly unless the pressure on both 
of its surfaces is the same. 

Because the mucosal membranes of the middle ear 


eavity and nasopharynx are continuous through the 
pharyngotympanie tube, otitis media, or inflammation of the 
middle ear, is a fairly eommon eondition, espeeially among 
youngsters prone to sore throats. In eases where large amounts 
of fluid or pus accumulate in the middle ear eavity, an emer- 
geney myringotomy (laneing of the eardram) may be neees- 
sary to relieve the pressure. Frequently, tiny ventilating tubes 
are put in during the procedure. + 

The internal ear eonsists of a system of bony and rather 
tortuous ehambers ealled the bony labyrinth, which is filled 
with an aqueous fluid ealled perilymph (Figure 25.2). Sus- 
pended in the perilymph is the membranous labyrinth, a 
system that mostly follows the contours of the bony labyrinth. 
The membranous labyrinth is filled with a more viscous 
fluid ealled endolymph. The three subdivisions of the bony 
labyrinth are the eoehlea, the vestibule, and the semicircu- 
lar eanals, with the vestibule situated between the eoehlea 
and semicircular eanals. The vestibule and the semicircular 
eanals are involved with equilibrium. 

The snail-like eoehlea (see Figure 25.2 and Figure 25.3) 
eontains the sensory reeeptors for hearing. The membranous 


eoehlear duct is a soft wormlike tube about 3.8 em long. 
It winds through the full two and three-quarter turns of the 
eoehlea and separates the perilymph-eontaining eoehlear eav- 
ity into upper and lower ehambers, the seala vestibuli and 
seala tympani. The seala vestibuli terminates at the oval win- 
dow, which “seats” the foot plate of the stirrap loeated later- 
ally in the tympanie eavity. The seala tympani is bounded by a 
membranous area ealled the round window. The eoehlear duct 
is the middle seala media. It is filled with endolymph and sup- 
ports the spiral organ, which eontains the reeeptors for hear- 
ing—the sensory hair eells and nerve endings of the eoehlear 
nerve, a division of the vestibulocochlear nerve (VIII). 


AOTIVITY 2 


Examining the Ear 

with an Otoseope (Optional) 

1. Obtain an otoseope and two aleohol swabs. inspeet your 
partner’s external auditory eanal and then seleet the largest— 
diameter (not length!) speculum that will fit eomfortably into 
his or her ear to permit full visibility. Clean the speculum thor- 
oughly with an aleohol swab, and then attaeh the speculum 
to the battery-eontaining otoseope handle. Before beginning, 
eheek that the otoseope light beam is strong. If not, obtain 
another otoseope or new batteries. Some otoseopes eome with 
disposable tips. Be sure to use a new tip for eaeh ear examined. 
Dispose of these tips in an autoclave bag after use. 

▲ 2. When you are ready to begin the examination, hold 

the lighted otoseope securely between your thumb and 
forefinger (like a peneil), and rest the little finger of the 
otoseope-holding hand against your partner’s head. This 
maneuver forms a braee that allows the speculum to move as 
your partner moves and prevents the speculum from penetrating 
too deeply into the external auditory eanal during unexpected 
movements. 
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Vestibular membrane 


Osseous spiral lamina 
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(b) 


Figure 25.3 Anatomy of the eoehlea. (a) Magnified eross-seetional view of one 
turn of the eoehlea, showing the relationship of the three sealae. The sealae vestibuli 
and tympani eontain perilymph; the eoehlear duct (seala media) eontains endolymph. 
(b) Detailed structure of the spiral organ. 


3. Grasp the ear pinna firmly and pull it up, baek, and slightly 
laterally. If your partner experiences pain or diseomfort when 
the pinna is manipulated, an inflammation or infeetion of the 
external ear may be present. If this occurs, do not attempt to 
examine the ear eanal. 

4. Carefully insert the speculum of the otoseope into the 
external auditory eanal in a downward and forward diree- 
tion only far enough to permit examination of the tympanie 
membrane, or eardram. Note its shape, eolor, and vascular 
network. The healthy tympanie membrane is pearly white. 
During the examination, notiee if there is any diseharge or 
redness in the external auditory eanal and identify earwax. 

5. After the examination, thoroughly elean the speculum 
with the seeond aleohol swab before returning the otoseope 
to the supply area. M 

Mieroseopie Anatomy 

of the Spiral Organ 

and the Meehanism of Hearing 

In the spiral organ, the auditory reeeptors are hair eells that 
rest on the basilar membrane, which forms the floor of the 
eoehlear duct (Figure 25.3). Their “hairs” are stereoeilia that 
projeet into a gelatinous membrane, the teetorial membrane, 
that overlies them. The roof of the eoehlear duct is ealled the 
vestibular membrane. 


A C T I V I T Y 3 


Examining the Mieroseopie Structure 
of the Cochlea 

Obtain a compound mieroseope and a prepared mieroseope 
slide of the eoehlea and identify the areas shown in the pho- 
tomierograph (Figure 25.4). H 


Vestibular 
membrane 

Seala vestibuli 

Hair (reeeptor) 
eells 

Teetorial 
membrane 

Afferent fibers 
of the eoehlear 
nerve 

Seala tympani 

Basilar 
membrane 

Figure 25.4 Histologieal image of the spiral organ (100x) 

The meehanism of hearing begins as sound waves pass 
through the external auditory eanal and through the middle ear 
into the internal ear, where the vibration eventually reaehes 
the spiral organ, which eontains the reeeptors for hearing. 

Vibration of the stirrap at the oval window initiates 
traveling pressure waves in the perilymph that cause maxi- 
mal displaeements of the basilar membrane where they peak 
and stimulate the hair eells of the spiral organ in that region. 
Sinee the area at which the traveling waves peak is a high- 
pressure area, the vestibular membrane is eompressed at this 
point and, in turn, eompresses the endolymph and the basilar 
membrane of the eoehlear duct. The resulting pressure on the 
perilymph in the seala tympani causes the membrane of the 
round window to bulge outward into the middle ear ehamber, 
thus aeting as a relief valve for the eompressional wave. 
High-frequency waves (high-piteh sounds) peak elose to the 
oval window and low-frequency waves (low-pitched sounds) 
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Figure 25.5 Resonanee of the basilar membrane. The 

eoehlea is depieted as if it has been uncoiled. (a) Fluid 
movement in the eoehlea follovving the stirrnp thrust at 
the oval vvindovv. The eompressional vvave thus ereated 
causes the round vvindovv to bulge into the middle 
ear. Pressure vvaves set up vibrations in the basilar 
membrane. (b) Fibers span the basilar membrane. The 
length of the fibers "tunes" speeifie regions to vibrate at 
speeifie frequencies. (e) Different frequencies of pressure 
vvaves ìn the eoehlea stimulate particular hair eells and 
neurons. 


peak farther up the basilar membrane near the apex of the 
eoehlea. The meehanism of sound reeeption by the spiral 
organ is complex. Hair eells at any given spot on the basilar 
membrane are stimulated by sounds of a speeifie frequency 


and amplitude. Onee stimulated, they depolarize and begin 
the ehain of nervous impulses that travel along the eoehlear 
nerve to the auditory eenters of the temporal lobe cortex. This 
series of events results in the phenomenon we eall hearing 

(Figure 25.5). 

Sensorineural deafness results from damage to neu- 


ral structures any where from the eoehlear hair eells 
through neurons of the auditory cortex. Presbycusis is a type 
of sensorineural deafness that occurs eommonly in people by 
the time they are in their sixties. It results from a gradual 
deterioration and atrophy of the spiral organ and leads to a 
loss in the ability to hear high tones and speeeh sounds. 
Because many elderly people refuse to aeeept their hearing 
loss and resist using hearing aids, they begin to rely more and 
more on their vision for clues as to what is going on around 
them and may be accused of ignoring people. 

Although presbycusis is eonsidered to be a disability of 
old age, it is beeoming much more eommon in younger peo- 
ple as our world grows noisier. Prolonged or excessive noise 
tears the eilia from hair eells, and the damage is progressive 
and cumulative. Eaeh assault causes a bit more damage. 
Music played and listened to at deafening levels definitely 
contributes to the deterioration of hearing reeeptors. + 


AOTIVITY 4 


Conducting Laboratory Tests of Hearing 

Perform the following hearing tests in a quiet area. Test both 
the right and left ears. 

Acuity Test 

Have your lab partner paek one ear with eotton and sit quietly 
with eyes elosed. Obtain a tieking eloek or poeket watch and 
hold it very elose to his or her unpacked ear. Then slowly 
move it away from the ear until your partner signals that the 
tieking is no longer audible. Reeord the distanee in eentime- 
ters at which tieking is inaudible and then remove the eotton 
from the paeked ear. 

Right ear:_Left ear:_ 

Is the threshold of audibility sharp or indefinite? 



Sound Loealization 

Ask your partner to elose both eyes. Hold the poeket watch 
at an audible distanee (about 15 em) from his or her ear, and 
move it to various loeations (front, baek, sides, and above his 
or her head). Have your partner loeate the position by point- 
ing in eaeh instanee. Can the sound be loealized equally well 
at all positions? 


If not, at what position(s) was the sound less easily loeated? 
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Figure 25.6 The Weber and Rinne tuning fork tests. (a) The Weber test to 
evaluate vvhether the sound remains eentralized (normal) or lateralizes to one 
side or the other (indieative of some degree of conduction or sensorineural 
deafness). (b, e) The Rinne test to eompare bone conduction and air conduction. 







The ability to loealize the source of a sound depends on two 
faetors—the differenee in the loudness of the sound reaehing 
eaeh ear and the time of arrival of the sound at eaeh ear. How 
does this information help to explain your findings? 


Frequency Range of Hearing 

Obtain three tuning forks: one with a low frequency (75 to 
100 Hz [eps]), one with a frequency of approximately 1000 
Hz, and one with a frequency of 4000 to 5000 Hz. Strike the 
lowest-frequency fork on the heel of your hand or with a rub- 
ber mallet, and hold it elose to your partner’s ear. Repeat with 
the other two forks. 

Which fork was heard most elearly and eomfortably? 
_Hz 

Which was heard least we 11 ?_Hz 

Weber Test to Determine Conduction 
and Sensorineural Deafness 

Strike a tuning fork and plaee the handle of the tuning fork 
medially on your partner’s head (Figure 25. 6a). Is the tone 
equally loud in both ears, or is it louder in one ear? 


If it is equally loud in both ears, you have equal hearing or 
equal loss of hearing in both ears. If sensorineural deafness is 
present in one ear, the tone will be heard in the unaffected ear 
but not in the ear with sensorineural deafness. 

Conduction deafness occurs when something prevents 
sound waves from reaehing the fluids of the internal ear. 
Compacted earwax, a perforated eardram, inflammation of 


the middle ear (otitis media), and damage to the ossieles are 
all causes of conduction deafness. If conduction deafness is 
present, the sound will be heard more strongly in the ear in 
which there is a hearing loss due to sound conduction by the 
bone of the skull. Conduction deafness ean be simulated by 
plugging one ear with eotton. 

Rinne Test for Comparing Bone- 
and Air-Conduction Hearing 

1. Strike the tuning fork, and plaee its handle on your part- 
ner’s mastoid proeess (Figure 25.6b). 

2. When your partner indieates that the sound is no longer 
audible, hold the still-vibrating prongs elose to his or her 
external auditory eanal (Figure 25.6c). If your partner hears 
the fork again (by air conduction) when it is moved to that 
position, hearing is not impaired and the test result is to be 
reeorded as positive (+). (Reeord below step 5.) 

3. Repeat the test on the same ear, but this time test air- 
conduction hearing first. 

4. After the tone is no longer heard by air conduction, hold 
the handle of the tuning fork on the bony mastoid proeess. 
If the subject hears the tone again by bone conduction after 
hearing by air conduction is lost, there is some conduction 
deafness and the result is reeorded as negative (-). 

5. Repeat the sequence for the opposite ear. 

Right ear:_Left ear:_ 

Does the subject hear better by bone or by air conduction? 


Audiometry 

When the simple tuning fork tests reveal a problem in hear- 
ing, audiometer testing is usually preseribed to determine 
the preeise nature of the hearing defieit. An audiometer is 
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Frequency 


125 250 500 1000 2000 4000 8000 


Normal 

hearing 



an instmment (speeifieally, an eleetronie oseillator with ear- 
phones) used to determine hearing acuity by exposing eaeh 
ear to sound stimuli of differing frequencies and intensities. 
The hearing range of human beings during youth is from 
20 to 20,000 Hz, but hearing acuity deelines with age, with 
reeeption for the high-frequency sounds lost first. Though 
this loss represents a major problem for some people, such as 
musicians, most of us tend to be fairly unconcerned until we 
begin to have problems hearing sounds in the range of 125 to 
8000 Hz, the normal frequency range of speeeh. 

The basie procedure of audiometry is to initially deliver 
tones of different frequencies to one ear of the subject at 
an intensity of 0 deeibels (dB). (Zero deeibels is not the 
eomplete absenee of sound, but rather the softest sound 
intensity that ean be heard by a person of normal hearing at 
eaeh frequency.) If the subject eannot hear a particular fre- 
quency stimulus of 0 dB, the hearing threshold level eontrol 
is adjusted until the subject reports that he or she ean hear the 
tone. The number of deeibels of intensity required above 0 
dB is reeorded as the hearing loss. For example, if the subject 
eannot hear a particular frequency tone until it is delivered at 
30 dB intensity, then he or she has a hearing loss of 30 dB 
for that frequency. 


A C T I V I T Y 5 


Aiidiometry Testing 

1. Obtain an audiometer and earphones, and a red and a blue 
peneil. Before beginning the tests, examine the audiometer 
to identify the two tone eontrols: one to regulate frequency 
and a seeond to regulate the intensity (loudness) of the sound 
stimulus. Identify the two output eontrol switches that regu- 
late the delivery of sound to one ear or the other (red to the 
right ear, blue to the left ear). Also find the hearing threshold 
level eontrol, which is ealibrated to deliver a basal tone of 
0 dB to the subject’s ears. 

2. Plaee the earphones on the subject’s head so that the red 
eord or ear-cushion is over the right ear and the blue eord or 



ear-cushion is over the left ear. instmet the subject to raise one 
hand when he or she hears a tone. 


3. Set the frequency eontrol at 125 Hz and the intensity eon- 
trol at 0 dB. Press the red output switch to deliver a tone to the 
subject’s right ear. If the subject does not respond, raise the 
sound intensity slowly by rotating the hearing level eontrol 
counterclockwise until the subject reports (by raising a hand) 
that a tone is heard. Repeat this procedure for frequencies of 

250, 500, 1000, 2000, 4000, and 8000. 

4. Reeord the results in the grid (above) for frequency ver- 
sus hearing loss by marking a small red eirele on the grid at 
eaeh frequency-dB junction at which a tone was heard. Then 
eonneet the eireles with a red line to produce a hearing acuity 
graph for the right ear. 

5. Repeat steps 3 and 4 for the left (blue) ear, and reeord the 
results with blue eireles and eonneeting lines on the grid. H 


Mieroseopie Anatomy 
of the Equilibrium Apparatus 
and Meehanisms of Equilibrium 

The equilibrium reeeptors of the internal ear are eolleetively 
ealled the vestibular apparatus, and are found in the ves- 
tibule and semicircular eanals of the bony labyrinth. Their 
ehambers are filled with perilymph, in which membranous 
labyrinth structures are suspended. The vestibule eontains the 
saelike utricle and saccule, and the semicircular ehambers 
eontain membranous semicircular ducts. Like the eoehlear 
duct, these membranes are filled with endolymph and eontain 
reeeptor eells that are aetivated by the bending of their eilia. 

Semicircular Canals 

The semicircular eanals monitor angular movements of the 
head. This proeess is ealled dynamie equilibrium. The 
eanals are 1.2 em in circumference and are oriented in three 
planes—horizontal, frontal, and sagittal. At the base of 
eaeh semicircular duct is an enlarged region, the ampulla, 
which communicates with the utricle of the vestibule. Within 
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Figure 25.7 Structure and function of the erista ampullaris. (a) Arranged in the 
three spatial planes, the semicircular ducts in the semicircular eanals eaeh have a 
svvelling ealled an ampulla attheir base. (b) Eaeh ampulla eontains a erista ampullaris # 
a reeeptor that is essentially a cluster of hair eells vvith hairs projeeting ìnto a 
gelatinous eap ealled the ampullary cupula. (e) Movement of the cupula during 
angular aeeeleration of the head. 


eaeh ampulla is a reeeptor region ealled a erista ampullaris, 
which eonsists of a tuft of hair eells eovered with a gelatinous 
eap, or ampullary cupula (Figure 25.7). 

The eristae respond to ehanges in the veloeity of rota- 
tional head movements. During aeeeleration, as when you 
begin to twirl around, the endolymph in the eanal lags behind 
the head movement due to inertia pushing the ampullary 
cupula—like a swinging door—in the opposite direetion. 
The head movement depolarizes the hair eells, and results 
in enhaneed impulse transmission in the vestibular division 
of the eighth eranial nerve to the brain (Figure 25.7c). If the 
body continues to rotate at a eonstant rate, the endolymph 
eventually eomes to rest and moves at the same speed as the 
body. The ampullary cupula returns to its upright position, 
hair eells are no longer stimulated, and you lose the sensation 
of spinning. When rotational movement stops suddenly, the 
endolymph keeps on going in the direetion of head move- 
ment. This pushes the ampullary cupula in the same direetion 
as the previous head movement and hyperpolarizes the hair 
eells, resulting in fewer impulses being transmitted to the 
brain. This tells the brain that you have stopped moving and 
accounts for the reversed motion sensation you feel when you 
stop twirling suddenly. 


AOTIVITY 6 


Examining the Mieroseopie Structure 
of the Crista Ampullaris 

Go to the demonstration area and examine the slide of a erista 
ampullaris. Identify the areas depieted in the photomiero- 
graph (Figure 25.8) and labeled diagram (Figure 25.7b). 

Maculae 

Maculae in the vestibule eontain another set of hair eells, 
reeeptors that in this ease monitor head position and aeeelera- 
tion in a straight line. This monitoring proeess is ealled statie 
equilibrium. The maculae respond to gravitational pull, thus 


Ampullary cupula 



Figure 25.8 Seanning eleetron mierograph of a erista 
ampullaris (14x). 

providing information on which way is up or down as well 
as ehanges in linear speed. They are loeated on the walls 
of the saccule and utricle. The hair eells in eaeh macula are 
embedded in the otolith membrane, a gelatinous material 
eontaining small grains of calcium earbonate ealled otolith. 
When the head moves, the otoliths move in response to varia- 
tions in gravitational pull. As they defleet different hair eells, 
they trigger hyperpolarization or depolarization of the hair 
eells and modify the rate of impulse transmission along the 
vestibular nerve (Figure 25.9). 

Although the reeeptors of the semicircular eanals and the 
vestibule are responsible for dynamie and statie equilibrium 
respeetively, they rarely aet independently. Complex interae- 
tion of many of the reeeptors is the rule. Proeessing is also 
complex and involves the brain stem and cerebellum as well 
as input from proprioeeptors and the eyes. 
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Otolith 

membrane 

Kinocilium 

Stereoeilia 



Bllllfil 




V 


Reeeptor potential 


Nerve impulses generated 
in vestibular fiber 



Depolarization 


(Hairs bent toward kinocilium) 



Hyperpolarization 


(Hairs bent away from kinocilium) 


inereased impulse frequency Deereased impulse frequency 

(Excitation) (Inhibition) 


Figure 25.9 The effeet of gravitational pull on a macula reeeptor in the utricle. 

When movement of the otolith membrane bends the hair eells in the direetion of 
the kinoeiliom, the hair eells depolarize, exciting the nerve fibers, vvhieh generates 
aetion potentials more rapidly. When the hairs are bent in the direetion away from 
the kinoeiliom, the hair eells beeome hyperpolarized, ínhibiting the nerve fibers and 
deereasing the aetion potential rate (i.e., below the resting rate of diseharge). 



A C T I V I T Y 7 


Conducting Laboratory Tests 
on Equilibrium 

The function of the semicircular eanals and vestibule are not 
routinely tested in the laboratory, but the following simple 
tests illustrate normal equilibrium apparatus function as well 
as some of the complex proeessing interaetions. 

In the first balanee test and the Barany test, you will 
look for nystagmus, which is the involuntary rolling of the 
eyes in any direetion or the trailing of the eyes slowly in 
one direetion, followed by their rapid movement in the oppo- 
site direetion. During rotation, the slow drift of the eyes is 
related to the backflow of endolymph in the semicircular 
eanals. The rapid movement represents CNS eompensation 
to find a new fixation point. Nystagmus is normal during and 
after rotation; abnormal otherwise. The direetion of nystag- 
mus is that of its quick phase on aeeeleration. 

Nystagmus is often aeeompanied by vertigo —is a sensa- 
tion of dizziness and rotational movement when such move- 
ment is not occurring or has eeased. 

Balanee Tests 

1. Have your partner walk a straight line, plaeing one foot 
direetly in front of the other. 


Is he or she able to walk without undue wobbling from side to 


side? 


Did he or she experience any dizziness?_ 

The ability to walk with balanee and without dizziness, unless 
subject to rotational forees, indieates normal function of the 
equilibrium apparatus. 

Was nystagmus present?_ 


2. Plaee three eoins of different sizes on the floor. Ask your 
lab partner to piek up the eoins, and carefully observe his or 
her muscle aetivity and eoordination. 

Did your lab partner have any difficulty loeating and pieking 

up the eoins?_ 

Deseribe your observations and your lab partner’s observa- 
tions during the test. 


What kinds of interaetions involving balanee and eoordi- 
nation must occur for a person to move flmdly during this 
test? 


3. If a person has a depressed nervous system, mental eon- 
eentration may result in a loss of balanee. Ask your lab part- 
ner to stand up and count backward from ten as rapidly as 
possible. 

Did your lab partner lose balanee?_ 

Barany Test (lnduction 
o f Nystagmus and Vertigo) 

This experiment evaluates the semicircular eanals and should 
be conducted as a group effort to proteet the test subject(s) 
from possible injury. 
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Exercise 25 


▲ Read the following precautionary notes before 

beginning: 

• The subject(s) ehosen should not be easily inelined to 
dizziness during rotational or turning movements. 

• Rotation should be stopped immediately if the subject 
feels nauseated. 

• Because the subject(s) will experience vertigo and loss of 
balanee as a result of the rotation, several elassmates should 
be prepared to eateh, hold, or support the subject(s) as neees- 
sary until the symptoms pass. 

1. instmet the subject to sit on a rotating ehair or stool, 
and to hold on to the arms or seat of the ehair, feet on 
stool rnngs. The subject’s head should be tilted forward 
approximately 30 degrees (almost touching the ehest). 
The horizontal (lateral) semicircular eanal is stimulated 
when the head is in this position. The subject’s eyes are to 
remain open during the test. 

2. Four elassmates should position themselves so that the 
subject is surrounded on all sides. The elassmate posterior 
to the subject will rotate the ehair. 

3. Rotate the ehair to the subject’s right approximately 10 
revolutions in 10 seeonds, then suddenly stop the rotation. 

4. Immediately note the direetion of the subject’s resultant 
nystagmus; and ask him or her to deseribe the feelings 
of movement, indieating speed and direetion sensation. 
Reeord this information below. 


straight ahead for 2 minutes while you observe any move- 
ments. Did you see any gross swaying movements? 


3. Repeat the test. This time the subject’s eyes should be 
elosed. Note and reeord the degree of side-to-side movement. 


4. Repeat the test with the subject’s eyes first open and then 
elosed. This time, however, the subject should be positioned 
with his or her left shoulder toward, but not touching, the 
board so that you may observe and reeord the degree of front- 
to-baek swaying. 


Do you think the equilibrium apparatus of the internal ear was 
operating equally well in all these tests? 


The proprioeeptors?_ 

Why was the observed degree of swaying greater when the 
eyes were elosed? 


What conclusions ean you draw regarding the faetors neees- 
sary for maintaining body equilibrium and balanee? 


If the semicircular eanals are operating normally, the sub- 
jeet will experience a sensation that the stool is still rotat- 
ing immediately after it has stopped and will demonstrate 
nystagmus. 

When the subject is rotated to the right, the ampullary 
cupula will be bent to the left, causing nystagmus during 
rotation in which the eyes initially move slowly to the left 
and then quickly to the right. Nystagmus will continue until 
the ampullary cupula has returned to its initial position. Then, 
when rotation is stopped abmptly, the ampullary cupula will 
be bent to the right, producing nystagmus with its slow phase 
to the right and its rapid phase to the left. In many subjects, 
this will be aeeompanied by a feeling of vertigo and a ten- 
deney to fall to the right. 


Romberg Test 

The Romberg test determines the integrity of the dorsal white 
column of the spinal eord, which transmits impulses to the 
brain from the proprioeeptors involved with posture. 


1. Have your partner stand with his or her baek to the blaek- 
board or whiteboard. 

2. Draw one line parallel to eaeh side of your partner’s body. 
He or she should stand ereet, with eyes open and staring 


Role of Vision in Maintaining Equilibrium 

To further demonstrate the role of vision in maintaining equi- 
librium, perform the following experiment. (Ask your lab 
partner to reeord observations and aet as a “spotter.”) Stand 
ereet, with your eyes open. Raise your left foot approximately 
30 em off the floor, and hold it there for 1 minute. 

Reeord the observations: 


Rest for 1 or 2 minutes; and then repeat the experiment with 
the same foot raised but with your eyes elosed. Reeord the 
observations: 





















Name_ 

Lab Time/Date 



Anatomy of the Ear 

1. Seleet the terms from column B that apply to the column A deseriptions. (Some terms are used more than onee.) 


Column A 


Column B 


_,_, 1. structures eomposing the external ear 

_,_, 2. structures eomposing the internal ear 

_,_, 3. eolleetively ealled the ossieles 

4. involved in equalizing the pressure in the 
middle ear with atmospherie pressure 

5. vibrates at the same frequency as sound 
waves hitting it; transmits the vibrations 
to the ossieles 

_6. eontain reeeptors for the sense of balanee 

7. transmits the vibratory motion of 
the stirmp to the fluid in the seala 
vestibuli of the internal ear 

8. aets as a pressure relief valve for the 
inereased fluid pressure in the seala 
tympani; bulges into the tympanie eavity 

9. passage between the throat and the 
tympanie eavity 

10. fluid eontained within the membranous 
labyrinth 

11. fluid eontained within the bony 
labyrinth and bathing the membranous 
labyrinth 


a. auricle (pinna) 

b. eoehlea 

e. endolymph 

d. external acoustic meatus 

e. incus (anvil) 

f. malleus (hammer) 

g. oval window 

h. perilymph 

i. pharyngotympanie (auditory) tube 

j. round window 

k. semicircular eanals 

l. stapes (stirmp) 

m. tympanie membrane 

n. vestibule 
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Revievv Sheet 25 


2. Identify all indieated structures and ear regions in the following diagram. 



3. Mateh the membranous labyrinth structures listed in column B with the deseriptive statements in column A. Some terms 
are used more than onee. 


Column A 


Column B 


1. saes found within the vestibule 


a. ampulla 


2. eontains the spiral organ 


b. ampullary cupula 


3. sites of the maculae 


e. basilar membrane 


4. positioned in all spatial planes 


d. eoehlear duct 


5. hair eells of spiral organ rest on this membrane 


e. eoehlear nerve 


6. gelatinous membrane overlying the hair eells of the spiral organ 


f. otoliths 


7. eontains the erista ampullaris 


g. saccule 


8. function in statie equilibrium 


h. semicircular ducts 


9. function in dynamie equilibrium 


ì. 


teetorial membrane 


10. earries auditory information to the brain 


J- 


utricle 


11. gelatinous eap overlying hair eells of the erista ampullaris 


k. vestibular nerve 


12. grains of calcium earbonate in the maculae 
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4. Sound waves hitting the tympanie membrane initiate its vibratory motion. Traee the pathway through which vibrations and 
fluid currents are transmitted to finally stimulate the hair eells in the spiral organ. (Name the appropriate ear structures in 
their eorreet sequence.) 

Tympanie membrane —>_ 


5. Deseribe how sounds of different frequency (piteh) are differentiated in the eoehlea. 


6. Explain the role of the endolymph of the semicircular eanals in aetivating the reeeptors during angular motion. 


7. Explain the role of the otoliths in pereeption of statie equilibrium (head position). 


Laboratory Tests 

8. Was the auditory acuity measurement made in Aetivity 4 (on page 387), the same or different for both ears? 

_What faetors might aeeoiint for a differenee in the acuity of the two ears? 


9. During the sound loealization experiment in Aetivity 4 (on page 387), note the position(s) in which the sound was least 
easily loeated. 

How ean this phenomenon be explained?_ 


10. In the frequency experiment in Aetivity 4 (on page 388), note which tuning fork was the most difficult to hear 


What conclusion ean you draw? 
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11. When the tuning fork handle was pressed to your forehead during the Weber test, where did the sound seem to originate? 


Where did it seem to originate when one ear was plugged with eotton?_ 

How do sound waves reaeh the eoehlea when conduction deafness is present? 


12. indieate whether the following eonditions relate to conduction deafness (C), sensorineural deafness (S), or both (C and S). 

_1. ean result from the fusion of the ossieles 

_2. ean result from a lesion on the eoehlear nerve 

_3. sound heard in one ear but not in the other during bone and air conduction 

_4. ean result from otitis media 

_5. ean result from impaeted eemmen or a perforated eardmm 

_6. ean result from a blood elot in the primary auditory cortex 

13. The Rinne test evaluates an individual’s ability to hear sounds conducted by air or bone. Which is more indieative of normal 

hearing?_ 

14. Define nystagmiis. _ 


Define vertigo. 


15. The Barany test investigated the effeet that rotatory aeeeleration had on the semicircular eanals. Explain why the subject still 


had the sensation of rotation immediately after being stopped. 


16. What is the usual reason for conducting the Romberg test? 


Was the degree of sway greater with the eyes open or elosed? Why? 


17. Normal balanee, or equilibrium, depends on input from a number of sensory reeeptors. Name them. 


18. What effeet does aleohol consumption have on balanee and equilibrium? Explain. 


























MATERIALS 


Speeial Senses: 
Olfaetion and Taste 


□ Prepared slides: nasal olfaetory 
epithelium (l.s.); the tongue shovving 
taste buds (x.s.) 

□ Compound mieroseope 

□ Small mirror 

□ Paper tovvels 

□ Paekets of granulated sugar 

□ Disposable autoclave bag 

□ Paper plates 

□ Equal-size food cubes of eheese, apple, 
ravv potato, dried prnnes, banana, ravv 
earrot, and hard-eooked egg vvhite 
(These prepared foods should be in 

an opaque eontainer; a foil-lined egg 
earton would work well.) 

□ Toothpieks 

□ Disposable gloves 

□ Cotton-tipped swabs 

□ Paper cups 

□ Flask of distilled or tap water 

□ Prepared vials of oil of eloves, oil of 
peppermint, and oil of wintergreen 
or eorresponding flavors found in the 
eondiment seetion of a supermarket 

□ ehipped iee 

□ Five numbered vials eontaining 
eommon household substances with 
strong odors (herbs, spiees, ete.) 

□ Noseelips 

□ Absorbent eotton 


M 



MasteringA&P @ For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 




OBJECTIVES 

1. State the loeation and cellular eomposition of the olfaetory epithelium. 

2. Deseribe the structure of olfaetory sensory neurons and state their 
function. 

3. Discuss the loeations and cellular eomposition of taste buds. 

4. Deseribe the structure of gustatory epithelial eells and state their 
function. 




5. Identify the eranial nerves that earry the sensations of olfaetion and taste. 

6. Name five basie qualities of taste sensation, and list the ehemieal substances 
that elieit them. 


7. Explain the interdependenee between the senses of smell and taste. 

8. Name two faetors other than olfaetion that influence taste appreeiation of 
foods. 


9. Defi ne olfaetory adaptation. 


PRE-LAB Q U I Z 

1. Circle True or False. Reeeptors for olfaetion and taste are elassified as 
ehemoreeeptors because they respond to dissolved ehemieals. 

2. The organ of smell is the_, loeated in the roof of the nasal eavity. 

a. nares e. olfaetory epithelium 

b. nostrils d. olfaetory nerve 

3. Circle the eorreet underlined term. Olfaetory reeeptors are bipolar / unipolar 
sensory neurons whose olfaetory eilia extend outward from the epithelium. 

4. Most taste buds are loeated in_, peglike projeetions of the 

tongue mucosa. 

a. eilia e. papillae 

b. eoneha d. supporting eells 

5. Circle the eorreet underlined term. Vallate papillae are arranged in a 
V formation on the anterior / posterior surface of the tongue. 

6. Circle the eorreet underlined term. Most taste buds are made of two / three 
types of modified epithelial eells. 

7. There are five basie taste sensations. Name one._ 

8. Circle True or False. Taste buds typieally respond optimally to one of the five 
basie taste sensations. 

9. Circle True or False. Texture, temperature, and smell have little or no effeet 
on the sensation of taste. 

10. You will use absorbent eotton and oil of wintergreen, peppermint, or eloves 
to test for olfaetory 

a. aeeommodation e. identifieation 

b. adaptation d. reeognition 
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Exercise 26 


T he reeeptors for olfaetion and taste are elassified as 

ehemoreeeptors because they respond to ehemieals 
in solution. Although five relatively speeifie types of 
taste reeeptors have been identified, the olfaetory reeeptors 
are eonsidered sensitive to a much wider range of ehemieal 
sensations. The sense of smell is the least understood of the 
speeial senses. 

Loeation and Anatomy 
of the Olfaetory Reeeptors 

The olfaetory epithelium is the organ of smell. It occu- 
pies an area of about 5 em 2 in the roof of the nasal eavity 
(Figure 26.1 a). Sinee the air entering the human nasal 
eavity must make a hairpin turn to enter the respiratory 


passages below, the nasal epithelium is in a rather poor 
position for performing its function. This is why sniffing, 
which brings more air into eontaet with the reeeptors, 
inereases your ability to deteet odors. 

The speeialized reeeptor eells in the olfaetory epithelium 
are olfaetory sensory neurons. They are surrounded by epi- 
thelial supporting eells. The bipolar neurons have olfaetory 
eilia that extend outward from the epithelium. Axons emerg- 
ing from their basal ends penetrate the eribriform plate of the 
ethmoid bone and proeeed as the olfaetory nerve filaments 
(eranial nerve I) to synapse in the olfaetory bulbs lying on 
either side of the erista galli of the ethmoid bone. Impulses 
from neurons of the olfaetory bulbs are then eonveyed to 
the olfaetory portion of the cortex without synapsing in the 
thalamus. 


Olfaetory 

epitheliiim 


Olfaetory 

traet 


(a) 


Olfaetory traet 
Olfaetory bulb 



Olfaetory 

gland 


Route of 
inhaled air 


Olfaetory 
epitheliiim 


Mucus 



Mitral eell 
(output eell) 

Glomemli 
Olfaetory bulb 

Oribriform plate 
of ethmoid bone 

Filaments of 
olfaetory nerve 

Lamina propria 
eonneetive tissue 

Olfaetory axon 
Olfaetory stem eell 

Olfaetory 
sensory neuron 

Supporting eell 

Dendrite 

Olfaetory eilia 



Lamina propria 
eontaining 
mucus-secreting 
glands 

Olfaetory stem 
eell nucleus 

Supporting eell 
nucleus 

Olfaetory sensory 
neuron nucleus 

Olfaetory eilia 


Lumen of nasal 
eavity 




Route of inhaled air 
eontaining odor molecules 


Figure 26.1 Loeation and cellular eomposition of 
olfaetory epithelium. (a) Diagram of olfaetory epithelium. 
Enlarged view shows the course of the olfaetory nerve 
filaments. (b) Histologieal image of the olfaetory 
epithelium (275x). 
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A C T I V I T Y 1 


Mieroseopie Examination 
of the Olfaetory Epitheliiim 

Obtain a longitudinal seetion of olfaetory epithelium. Exam- 
ine it elosely using a compound mieroseope, eomparing it to 
the photomierograph (Figure 26. lb). H 

Loeation and Anatomy 
of Taste Buds 

The taste buds, eontaining speeifie reeeptors for the sense 
of taste, are widely but not uniformly distributed in the oral 
eavity. Most are loeated in papillae, peglike projeetions of 
the mucosa, on the dorsal surface of the tongue (as deseribed 
next). A few are found on the soft palate, epiglottis, pharynx, 
and inner surface of the eheeks. 

Taste buds are loeated primarily on the sides of the large 
vallate papillae (arranged in a V formation on the posterior 
surface of the tongue); in the side walls of the foliate papil- 
lae; and on the tops of the more numerous, mushroom-shaped 
fungiform papillae (Figiire 26.2). 


• Use a mirror to examine your tongue. Which of the various 
papillae types ean you piek out?_ 


Eaeh taste bud eonsists largely of a globular arrange- 
ment of two types of modified epithelial eells: the 
gustatory epithelial eells, which are the actual reeeptor 
eells for taste, and basal epithelial eells. Several nerve fibers 
enter eaeh taste bud and supply sensory nerve endings to 
eaeh of the gustatory epithelial eells. The long mierovilli of 
the reeeptor eells penetrate the epithelial surface through an 
opening ealled the taste pore. When these mierovilli, ealled 
gustatory hairs, eontaet speeifie ehemieals in the solu- 
tion, the reeeptor eells depolarize. The afferent fibers from 
the taste buds to the somatosensory cortex in the posteen- 
tral gyrns of the brain are earried in three eranial nerves: 
the faeial nerve (VII) serves the anterior two-thirds of the 
tongue; the glossopharyngeal nerve (IX) serves the posterior 
third of the tongue; and the vagus nerve (X) earries a few 
fibers from the pharyngeal region. 


Foliate 
papillae 



Epiglottis 


Fiingiform 

papillae 


Connective 

tissue 


Palatine 

tonsil 


Lingual 

tonsil 


Taste fibers 
of eranial 
nerve 


Vallate papilla 



Gustatory 

hair 


Gustatory 
epithelial epithelial 


Stratified 
squamous 
epithelium 
of tongue 



Taste bud 


(a) 


(b) 


(d) 


Figure 26.2 Loeation and structure of taste buds. (a) Taste buds on the tongue are 
assoeiated vvith papillae # projeetions of the tongue mucosa. (b) A seetioned vallate 
papilla shovvs the position of the taste buds in its lateral vvalls. (e) An enlarged vievv 
of a taste bud. (d) Photomierograph of a taste bud (445x). 
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Foliate papillae 


Taste buds 


Fìgure 26.3 Taste buds on the lateral aspeets of foliate 
papillae of the tongue (140x). 
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AOTIVITY 2 


Mieroseopie Examination of Taste Buds 

Obtain a mieroseope and a prepared slide of a tongue eross see- 
tion. Loeate the taste buds on the tongue papillae (use Figure 
26.2b as guide). Make a detailed study of one taste bud. Iden- 
tify the taste pore and gustatory hairs if observed. Compare 
your observations to the photomierograph (Figure 26.3). H 

When taste is tested with pure ehemieal compounds, 
most taste sensations ean be grouped into one of five basie 
qualities—sweet, sour, bitter, salty, or umami (oo-mom' è; 
“delicious”). Although all taste buds are believed to respond 
in some degree to all five elasses of ehemieal stimuli, eaeh 
type responds optimally to only one. 

The sweet reeeptors respond to a number of seemingly 
unrelated compounds such as sugars (fmetose, sucrose, glu- 
eose), saeeharine, some lead salts, and some amino aeids. 
Sour reeeptors are aetivated by hydrogen ions (H + ). Salty 
taste seems to be due to an influx of metal ions, particularly 
Na + , while umami is elieited by the amino aeid glutamate, 
which is responsible for the “meat taste” of beef and the fla- 
vor of monosodium glutamate (MSG). Bitter taste is elieited 
by alkaloids (e.g., eaffeine and quinine) and other substances 
such as aspirin. 

Laboratory Experiments 

Notify instmetor ofanyfood or seent allergies before 
beginning experiments. 




A C T I V I T Y 3 


Stimulating Taste Biids 

1. Obtain several paper towels, a sugar paeket, and a dispos- 
able autoclave bag and bring them to your beneh. 

2. With a paper towel, dry the dorsal surface of your tongue. 

| Immediately dispose of the paper towel in the autoclave 

* bag. 


3. Tear off a eorner of the sugar paeket and shake a few sugar 
erystals on your dried tongue. Do not elose your mouth. 


Time how long it takes to taste the sugar. 


see 


Why couldn’t you taste the sugar immediately? 



A C T I V I T Y 4 


Examining the Combined Effeets of Smell, 
Texture, and Temperature on Taste 

Effeets of Smell and Texture 

1. Ask the subject to sit with eyes elosed and to pineh his or 
her nostrils shut. 


2. Using a paper plate, obtain samples of the food items 
provided by your laboratory instmetor. At no time should the 
subject be allowed to see the foods being tested. Wear dispos- 
able gloves and use toothpieks to handle food. 


3. For eaeh test, plaee a cube of food in the subject’s mouth 
and ask him or her to identify the food by using the following 
sequence of aetivities: 

• First, manipulate the food with the tongue. 

• Seeond, chew the food. 

• Third, if a positive identifieation is not made with the 
first two techniques and the taste sense, ask the subject to 
release the pinehed nostrils and to continue chewing with 
the nostrils open to determine if a positive identifieation 
ean be made. 


In the Aetivity 4 ehart, reeord the type of food, and then put 
a eheek mark in the appropriate column for the result. 


Was the sense of smell equally important in all eases? 


Where did it seem to be important and why? 


Diseard gloves in autoclave bag. 

Effeet of Olfaetory Stimulation 

What is eommonly referred to as taste depends heavily on 
stimulation of the olfaetory reeeptors, particularly in the ease 
of strongly odoriferous substances. The following experiment 
should illustrate this faet. 

1. Obtain vials of oil of wintergreen, peppermint, and 
eloves, paper cup, flask of water, paper towels, and some 
fresh eotton-tipped swabs. Ask the subject to sit so that he or 
she eannot see which vial is being used, and to dry the tongue 
and elose the nostrils. 
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Aetivity 4: Identifieation by Texture and Smell 


Food tested 

Texture only 

Chewing with 
nostrils pinehed 

Chewing with 
nostrils open 

identifieation 
not made 





































2. Use a eotton swab to apply a drop of one of the oils to the 
subject’s tongue. Can he or she distinguish the flavor? 


or her eyes. Immediately plaee any of the foods previously 
identified in his or her mouth and ask for an identifieation. 


Results? 


| Put the used swab in the autoclave bag. Do not redip 
* the swab into the oil. 

3. Have the subject open the nostrils, and reeord the ehange 
in sensation he or she reports. 


4. Have the subject rinse the mouth well and dry the tongue. 

5. Prepare two swabs, eaeh with one of the two remaining 
oils. 

6. Hold one swab under the subject’s open nostrils, while 
touching the seeond swab to the tongue. 

Reeord the reported sensations_ 


▲ 7. Dispose of the used swabs and paper towels in the 

autoclave bag before continuing. 

Which sense, taste or smell, appears to be more important 
in the proper identifieation of a strongly flavored volatile 
substance? 



A C T I V I T Y 5 



Assessing the importanee of Taste 
and Olfaetion in Odor identifieation 

1. Go to the designated testing area. Close your nostrils 
with a nose elip, and breathe through your mouth. Breathing 
through your mouth only, attempt to identify the odors of 
eommon substances in the numbered vials at the testing area. 
Do not look at the substance in the eontainer. Reeord your 
responses on the ehart above. 

2. Remove the nose elips, and repeat the tests using your 
nose to sniff the odors. Reeord your responses in the 

Aetivity 5 ehart. 


3. Reeord any other observations you make as you conduct 
the tests. 


4. Which method gave the best identifieation results? 


What ean you conclude about the effeetiveness of the senses 
of taste and olfaetion in identifying odors? 


Effeet of Temperature 

In addition to the effeet that olfaetion and food texture have 
in determining our taste sensations, the temperature of foods 
also helps determine if the food is appreeiated or even tasted. 
To illustrate this, have your partner hold some ehipped iee 
on the tongue for approximately a minute and then elose his 


A C T I V I T Y 6 


Demonstrating Olfaetory Adaptation 

Obtain some absorbent eotton and two of the following oils 
(oil of wintergreen, peppermint, or eloves). Plaee several 
drops of oil on the absorbent eotton. Press one nostril shut. 
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Aetivity 5: identifieation by Mouth and Nasal Inhalation 


Vial 

number 

identifieation 
with nose elips 

identifieation 
without nose elips 

Other observations 

1 




2 




3 




4 




5 





Hold the eotton under the open nostril and exhale through the 
mouth. Reeord the time required for the odor to disappear (for 
olfaetory adaptation to occur). 


Immediately test another oil with the nostril that has just 
experienced olfaetory adaptation. What are the results? 


_see 

Repeat the procedure with the other nostril. 
_see 


26 


What conclusions ean you draw? 



f 



















Name 


Lab Time/Date 



Speeial Senses: 
Olfaetion and Taste 


Loeation and Anatomy of the Olfaetory Reeeptors 

1. Deseribe the loeation and cellular eomposition of the olfaetory epithelium_ 


2. How and why does sniffing inerease your ability to deteet an odor? 


Loeation and Anatomy of Taste Buds 

3. Name five sites where reeeptors for taste are found, and eirele the predominant site 


h 







> 



, and 


4. Deseribe the cellular makeup and arrangement of a taste bud. (Use a diagram, if helpful.) 


Laboratory Experiments 

5. Taste and smell reeeptors are both elassified as_, because they both 

respond to_ 

6. Why is it impossible to taste substances with a dry tongue?_ 


7. The basie taste sensations are mediated by speeifie ehemieal substances or groups. Name them for the following taste 
modalities. 

salt:- sour:- umami:- 

bitter:- sweet:- 
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Revievv Sheet 26 


8. Name three faetors that influence our appreeiation of foods. Substantiate eaeh ehoiee with an example from the laboratory 
experience. 

1. _ Substantiation:_ 



Substantiation: 



Substantiation: 


Which of the faetors ehosen is most important?_Substantiate your ehoiee with an example from 

everyday life_ 


Expand on your explanation and ehoiees by explaining why a eold, greasy hamburger is unappetizing to most people. 


9. How palatable is food when you have a eold? 


Explain your answer. 


10. In your opinion, is olfaetory adaptation desirable? 


Explain your answer. 






















ATERIALS 



□ Hiiman torso model 

□ Anatomieal ehart of the hiiman 
endoerine system 

□ Compound mieroseope 

□ Prepared slides of the anterior 
pituitary and panereas (with 
differential staining), posterior 
pituitary, thyroid gland, parathyroid 
glands, and adrenal gland 

For instmetions on animal disseetions, 
see the disseetion exercises (starting 
on page 697) in the eat and fetal pig 
editions of this manual. 


OBJECTIVES 

1. Identify the major endoerine glands and tissues of the body when 
provided with an appropriate image. 

2. List the hormones produced by the endoerine glands and discuss the 
general function of eaeh. 

3. Explain how hormones contribute to body homeostasis by giving 
appropriate examples of hormonal aetions. 

4. Discuss some meehanisms that stimulate release of hormones from 
endoerine glands. 

5. Deseribe the structural and functional relationship between the 
hypothalamus and the pituitary gland. 




6. Cite a major pathologieal consequence of hyperseeretion and hyposeeretion 
of several of the hormones studied. 


7. Correctly identify the histologieal structure of the thyroid, parathyroid, 
panereas, anterior and posterior pituitary, adrenal cortex, and adrenal 
medulla by mieroseopie inspeetion or in an image. 


8. Name and point out the speeialized hormone-seereting eells in the above 
tissues. 


PRE-LAB Q U I Z 





MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PAL 


PhysioEx 


PEx 


A&PFIix A&PFIix 


1. Define hormone. _ 

2. Circle the eorreet underlined term. An endoerine / exocrine gland is a 
ductless gland that empties its hormone into the extracellular fluid, from 
which it enters the blood. 

3. The pituitary gland, also known as the_, is loeated in the sella 

turcica of the sphenoid bone. 

a. hypophysis 

b. hypothalarrms 
e. thalamus 

4. Circle True or False. The anterior pituitary gland is also referred to as the 
master endoerine gland because it eontrols the aetivity of many other 
endoerine glands. 

5. The_gland is eomposed of two lobes and loeated in the 

throat, just inferior to the larynx. 

a. panereas e. thymus 

b. posterior pituitary d. thyroid 

6. The panereas produces two hormones that are responsible for regulating 
blood sugar levels. Name the hormone that inereases blood glucose levels. 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



7. Circle True or False. The gonads are eonsidered to be both endoerine and 
exocrine glands. 


(Text eontimies on next page.) 
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Exercise 27 


8. This gland is rather large in an infant, begins to atrophy 
at puberty, and is relatively inconspicuous by old age. It 
produces hormones that direet the matiiration of T eells. 
It is the_gland. 

a. pineal 

b. testes 
e. thymus 
d. thyroid 


9. Circle the eorreet underlined term. Panereatie is l ets / 
Aeinar eells form the endoerine portion of the panereas. 

10. The outer cortex of the adrenal gland is divided into 
three areas. Which one produces aldosterone? 

a. zona fasciculata 

b. zona glomemlosa 
e. zona reticularis 



he endoerine system is the seeond major eontrol sys- 
tem of the body. Aeting with the nervous system, it 
helps eoordinate and integrate the aetivity of the body. 
The nervous system uses eleetroehemieal impulses to bring 
about rapid eontrol, whereas the more slowly aeting endoerine 
system uses ehemieal messengers, or hormones, which ulti- 
mately enter the blood to be transported throughout the body. 

The term hormone eomes from a Greek word meaning 
í4 to arouse.” The body’s hormones, which are steroids or 
amino aeid-based molecules, arouse the body’s tissues and 
eells by stimulating ehanges in their metabolie aetivity. These 
ehanges lead to growth and development and to the physi- 
ologieal homeostasis of many body systems. Although all 
hormones are bloodborne, a given hormone affeets only the 
bioehemieal aetivity of a speeifie organ or organs. Organs that 
respond to a particular hormone are referred to as the target 
organs of that hormone. The ability of the target tissue to 
respond depends on the ability of the hormone to bind with 
speeifie reeeptors occurring on the eells’ plasma membrane 
or within the eells. 

Although the function of some hormone-producing glands 
(the anterior pituitary, thyroid, adrenals, parathyroids) is purely 
endoerine, the function of others (the panereas and gonads) is 
mixed—both endoerine and exocrine. Both types of glands are 
derived from epithelium, but the endoerine glands release their 
hormones direetly into the extracellular fluid, from which the 
hormones enter blood or lymph. The exocrine glands release 
their products at the body’s surface or upon an epithelial mem- 
brane via ducts. In addition, there are hormone-producing eells 
in the heart, the gastrointestinal traet, kidney, skin, adipose 
tissue, skeleton, and plaeenta, organs whose functions are pri- 
marily nonendoerine. Only the major endoerine organs, plus 
the pineal gland and the thymus, are eonsidered here. 


Gross Anatomy 
and Basie Function 
of the Endoerine Glands 

Pituitary Gland (Hypophysis) 

The pituitary gland, or hypophysis, is loeated in the sella 
turcica of the sphenoid bone. It eonsists largely of two func- 
tional lobes, the adenohypophysis, or anterior pituitary, and 
the neurohypophysis, eonsisting of the posterior pituitary 
and the infundibulum —the stalk that attaehes the pituitary 
gland to the hypothalamus (Figure 27.1). 


Anterior Pituitary Hormones 

The anterior pituitary produces and seeretes a number of 
hormones, four of which are tropie hormones. The target 
organ of a tropie hormone is another endoerine gland, which 
seeretes its hormone in response to stimulation. Hormones 
from these target glands exert their effeets on other body 
organs and tissues. 

Because the anterior pituitary eontrols the aetivity of 
many other endoerine glands, it has been ealled the master 
endoerine gland. However, because releasing or inhibiting 
hormones from neurons of the ventral hypothalamus eontrol 
anterior pituitary eells, the hypothalamus has superseded 
the anterior pituitary as the major eontroller of endoerine 
glands. 

The anterior pituitary tropie hormones include: 

• Gonadotropins-follicle-stimulating hormone (FSH) 
and luteinizing hormone (LH) —regulate gamete production 
and hormonal aetivity of the gonads (ovaries and testes). (The 
preeise roles of the gonadotropins are deseribed in Exercise 
43 along with other eonsiderations of reproductive system 
physiology.) 

• Adrenoeortieotropie hormone (ACTH) regulates the 
endoerine aetivity of the adrenal cortex. 

• Thyroid-stimulating hormone (TSH), or thyrotropin, 

influences the growth and aetivity of the thyroid gland. 


The two other important hormones produced by the ante- 
rior pituitary are not direetly involved in the regulation of 
other endoerine glands of the body. They are: 


• Growth hormone (GH) is a general metabolie hormone 
that plays an important role in determining body size. It 
affeets many tissues of the body; however, its major effeets 
are exerted on the growth of muscle and the long bones of the 
body. 


Hyposeeretion results in pituitary dwarfism in ehil- 
dren. Hyperseeretion causes gigantism in ehildren 
and aeromegaly (overgrowth of bones in hands, feet, and faee) 
in adults. + 


• Prolaetin (PRL) stimulates milk production by 
the breasts. The role of prolaetin in males is not well 
understood. 


The ventral hypothalamie hormones eontrol production 
and seeretion of the tropie hormones, GH, and PRL. The 
hypothalamie hormones reaeh the eells of the anterior pituitary 
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Hypothalamie 
neurons in the 
supraoptic nuclei 

Optie ehiasma 

Superior 


Hypophyseal portal system 


Primary eapillary 


plexus 

Hypophyseal 
portal veins 


Seeondary eapillary 
plexus 


Hypothalamie 
neurons in the 
paraventricular nuclei 


Anterior pitiiitary 

Seeretory eells of 
adenohypophysis 


TSH, FSH, LH, 
ACTH, GH, PRL 



Oxytocin 

ADH 


Neurons 
in the ventral 
hypothalamus 


lnfundibulum 

(eonneeting stalk) 

Hypothalamie- 
hypophyseal traet 

Inferior 

hypophyseal 

artery 

Neurohypophysis 
(storage area for 
hypothalamie 
hormones) 

Posterior 

pituitary 


Venule 


Venule 


Figure 27.1 Hypothalamus and pituitary gland. Neural and vascular relationships 
betvveen the hypothalamus and the anterior and posterior lobes of the pituitary are 
depieted. 


through the hypophyseal portal system (Figure 27.1), a 
complex vascular arrangement of two eapillary beds that are 
eonneeted by the hypophyseal portal veins. 

Posterior Pituitary Hormones 

The posterior pituitary is not an endoerine gland because it 
does not synthesize the hormones it releases. Instead, it aets 
as a storage area for two neurohormones transported to it via 
the axons of neurons in the paraventricular and supraoptic 
nuclei of the hypothalamus. The hormones are released in 
response to nerve impulses from these neurons. The first of 
these hormones is oxytocin, which stimulates powerful uter- 
ine eontraetions during birth and also causes milk ejeetion 
in the laetating mother. The seeond, antidiuretic hormone 
(ADH), causes the tubules of the kidneys to reabsorb more 
water from the urinary filtrate, thereby reducing urine output 
and eonserving body water. 

Hyposeeretion of ADH results in dehydration from 


excessive urine output, a eondition ealled diabetes 
insipidus. Individuals with this eondition experience an insa- 
tiable thirst. Hyperseeretion results in edema, headaehe, and 
disorientation. + 


Pineal Gland 

The pineal gland is a small eone-shaped gland loeated in the 
roof of the third ventriele of the brain. Its major endoerine 
product is melatonin, which exhibits a diurnal (daily) eyele. It 
peaks at night, making us drowsy, and is lowest around noon. 

The endoerine role of the pineal gland in humans is still 
eontroversial, but it is known to play a role in mating and 
migratory behavior of other animals. In humans, melatonin 
appears to exert some inhibitory effeet on the reproductive 
system that prevents precocious sexual maturation. Changing 
levels of melatonin may also affeet biologieal rhythms assoei- 
ated with body temperature, sleep, and appetite. 

Thyroid Gland 

The thyroid gland is eomposed of two lobes joined by a een- 
tral mass, or isthmus. It is loeated in the throat, just inferior to 
the larynx. It produces two major hormones, thyroid hormone 
and ealeitonin. 

Thyroid hormone (TH) is actually two physiologi- 
eally aetive hormones known as T 4 (thyroxine) and T 3 
(triiodothyronine). Because its primary function is to eontrol 
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the rate of body metabolism and cellular oxidation, TH affeets 
virtually every eell in the body. 

Hyposeeretion of TH leads to a eondition of mental 


and physieal sluggishness, which is ealled 
myxedema in the adult. Hyperseeretion causes elevated met- 
abolie rate, nervousness, weight loss, sweating, and irregular 
heartbeat. + 

Calcitonin is released in response to high blood calcium 
levels. Although it deereases blood calcium levels by stimu- 
lating calcium salt deposit in the bones, it is not involved in 
day-to-day eontrol of calcium homeostasis. 

Parathyroid Glands 

The parathyroid glands are found embedded in the posterior 
surface of the thyroid gland. Typieally, there are two small 
oval glands on eaeh lobe, but there may be more and some 
may be loeated in other regions of the neek. They seerete 
parathyroid hormone (PTH), the most important regulator 
of calcium balanee of the blood. When blood calcium levels 
deerease below a eertain eritieal level, the parathyroids release 
PTH, which causes release of calcium from bone matrix and 
prods the kidney to reabsorb more calcium and less phosphate 
from the filtrate. PTH also stimulates the kidneys to eonvert 
vitamin D to its aetive D 3 form, ealeitriol , which is required 
for the absorption of calcium from food. 

Hyposeeretion inereases neural excitability and 


may lead to tetany, prolonged muscle spasms that 
ean result in respiratory paralysis and death. Hyperseeretion 
of PTH results in loss of calcium from bones, causing defor- 
mation, softening, and spontaneous fractures. + 


Thymus 

The thyrnus is a bilobed gland situated in the superior thorax, 
posterior to the sternum and anterior to the heart and lungs. 
Conspicuous in the infant, it begins to atrophy at puberty, and 
by old age it is relatively inconspicuous. The thymus pro- 
duces several different families of hormones including thy- 
mulin, thymosins, and thymopoietins. These hormones are 
thought to be involved in the development of T lymphoeytes 
and the immune response. Their role is poorly understood; 
they appear to aet loeally as paraerines. 

Adrenal Glands 

The two adrenal, or suprarenal, glands are loeated atop or 
elose to the kidneys. Anatomieally, the adrenal medulla 
develops from neural erest tissue, and it is direetly eon- 
trolled by the sympathetie nervous system. The medullary 
eells respond to this stimulation by releasing a hormone mix 
of epinephrine (80%) and norepinephrine (20%), which 
aet with the sympathetie nervous system to elieit the fight- 
or-flight response to stressors. 

The adrenal cortex produces three major groups of 
steroid hormones, eolleetively ealled eortieosteroids. The 
mineraloeortieoids, ehiefly aldosterone, regulate water and 
eleetrolyte balanee in the extracellular fluids, mainly by regu- 
lating sodium ion reabsorption by kidney tubules. The gluco- 
eortieoids include ( eortisol [ hydroeortisone ], eortisone, and 
eortieosterone ), but only eortisol is seereted in signifieant 
amounts in humans. It enables the body to resist long-term 
stressors, primarily by inereasing blood glucose levels. The 
gonadoeortieoids, or sex hormones, produced by the adre- 
nal cortex are ehiefly androgens (male sex hormones), but 
some estrogens (female sex hormones) are also formed. 


The gonadoeortieoids are produced throughout life 
in relatively insignifieant amounts; however, hyper- 
seeretion of these hormones produces abnormal hairiness 
(hirsutism), and masculinization occurs. + 


Panereas 

The panereas, loeated partially behind the stomaeh in the 
abdomen, functions as both an endoerine and exocrine gland. 
It produces digestive enzymes as well as insulin and gluca- 
gon, important hormones eoneerned with the regulation of 
blood sugar levels. 

Elevated blood glucose levels stimulate release of 
insulin, which deereases blood sugar levels, primarily by 
aeeelerating the transport of glucose into the body eells, 
where it is oxidized for energy or eonverted to glyeogen or fat 
for storage. 

Hyposeeretion of insulin or some defieieney in the 


insulin reeeptors leads to diabetes mellitus, which 
is eharaeterized by the inability of body eells to utilize glu- 
eose and the subsequent loss of glucose in the urine. Altera- 
tions of protein and fat metabolism also occur seeondary to 
derangements in earbohydrate metabolism. Hyperseeretion 
causes low blood sugar, or hypoglyeemia. Symptoms include 
anxiety, nervousness, tremors, and weakness. + 

Glucagon aets antagonistieally to insulin. When blood 
glucose levels are low, it stimulates the liver, its primary target 
organ, to break down glyeogen stores to glucose, to synthe- 
size glucose by gluconeogenesis, and subsequently to release 
the glucose into the blood. 


The Gonads 

The female gonads, or ovaries, are paired, almond-sized 
organs loeated in the pelvie eavity. In addition to producing 
the female sex eells (ova), the ovaries produce two steroid 
hormone groups, the estrogens and progesterone. The endo- 
erine and exocrine functions of the ovaries do not begin 
until the onset of puberty. The estrogens are responsible for 
the development of the seeondary sex eharaeteristies of the 
female at puberty (primarily maturation of the reproductive 
organs and development of the breasts) and aet with proges- 
terone to bring about eyelie ehanges of the uterine lining that 
occur during the menstmal eyele. The estrogens also help 
prepare the mammary glands for laetation. During pregnaney 
progesterone maintains the uterine musculature in a quiescent 
state and helps to prepare the breast tissue for laetation. 

The paired oval testes of the male are suspended in 
a pouchlike sae, the scrotum, outside the pelvie eavity. In 
addition to the male sex eells (sperm), the testes produce the 
male sex hormone, testosterone. Testosterone promotes the 
maturation of the reproductive system aeeessory structures, 
brings about the development of the male seeondary sex 
eharaeteristies, and is responsible for sexual drive, or libido. 
Both the endoerine and exocrine functions of the testes begin 
at puberty. (For a more detailed discussion of the function and 
histology of the ovaries and testes, see Exercises 42 and 43.) 


ACTI VITY 1 


Identifying the Endoerine Organs 

Loeate the endoerine organs on the figure of the body 
(Figure 27.2). Also loeate these organs on the anatomieal 
eharts or torso model. H 
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Pineal gland — 

Hypothalamus 
Pituitary gland 


Thyroid gland- 

Parathyroid glands 
(on dorsal aspeet 
of thyroid gland) 

Thymus- 


Adrenal glands 


Panereas 


Ovary (female) 


Testis (male) 



Figure 27.2 Human endoerine organs. 


Mieroseopie Anatomy of 
Seleeted Endoerine Glands 


A C T I V I T Y 2 


Examining the Mieroseopie 
Structure of Endoerine Glands 

Obtain a mieroseope and one of eaeh slide on the materials 
list. We will study only organs in which it is possible to iden- 
tify the endocrine-producing eells. Oompare your observa- 
tions with the histology images (Figure 27.3a-f). 

Thyroid Gland 

1. Sean the thyroid under low power, noting the follieles, 
spherieal saes eontaining a pink-stained material (eolloid). 
Stored T 3 and T 4 are attaehed to the protein eolloidal mate- 
rial stored in the follieles as thyroglobulin and are released 
gradually to the blood. Compare the tissue viewed to the 
photomierograph of thyroid tissue (Figure 27.3a). 

2. Observe the tissue under high power. Notiee that the 
walls of the follieles are formed by simple cuboidal or squa- 
mous epithelial eells that synthesize the follicular products. 
The parafollicular, or C, eells you see between the follieles 
are responsible for ealeitonin production. 



Colloid-filled 

follieles 


Follicular 

eells 


(a)Thyroid gland (360x) 



Oxyphil eells 


Parathyroid 

eells 


(b) Parathyroid gland (375x) 



Panereatie 

islet 

• aeells 
(Glucagon- 
producing) 


• (3 eells 
(lnsulin- 
producing) 

Panereatie 
aeinar eells 
(exocrine) 


(e) Panereatie islet (205 x) 


Figure 27.3 Mieroseopie anatomy of seleeted endoerine 
organs. 
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Aeidophils 


Chromophobe 


Basophil 


(d) Anterior pituitary (380x) 




Pituicytes 


Nerve fibers 



(e) Posterior pituitary (345 x) 




Capsule 


-Zona 

glomemlosa 


-Zona 

fasciculata 


-Zona 

reticularis 


- Adrenal 
medulla 


(f) Adrenal gland (60x) 


When the thyroid gland is aetively seereting, the follieles 
appear small, and the eolloidal material has a mffled border. 
When the thyroid is hypoaetive or inaetive, the follieles are 
large and plump, and the follicular epithelium appears to be 
squamouslike. 

Parathyroid Glands 

Observe the parathyroid tissue under low power to view its 
two major eell types, the parathyroid eells and the oxyphil 
eells. Oompare your observations to the photomierograph 
of parathyroid tissue (Figure 27.3b). The parathyroid eells, 
which synthesize parathyroid hormone (PTH), are small and 
abundant, and arranged in thiek branehing eords. The func- 
tion of the seattered, much larger oxyphil eells is unknown. 

Panereas 

1. Observe panereas tissue under low power to identify 
the roughly circular panereatie islets (also ealled islets of 
Langerhans ), the endoerine portions of the panereas. The 
islets are seattered amid the more numerous aeinar eells and 
stain differently (usually lighter), which makes their identifi- 
eation possible. The deeper-staining aeinar eells form the ma- 
jor portion of the panereatie tissue. Aeinar eells produce the 
exocrine seeretion of digestive enzymes that is released into 
the duodenum through the panereatie duct. Alkaline fluid 
produced by duct eells aeeompanies the hydrolytie enzymes. 
(See Figure 27.3c.) 

2. Focus on islet eells under high power. Notiee that 
they are densely paeked and have no definite arrangement 
(Figure 27.3c). In eontrast, the cuboidal aeinar eells are 
arranged around seeretory ducts. If speeial stains are used, it 
will be possible to distinguish the alpha (a) eells, which tend 
to cluster at the periphery of the islets and produce glucagon, 
from the beta (P) eells, which synthesize insulin. With these 
speeifie stains, the beta eells are larger and stain gray-blue, 
and the alpha eells are smaller and appear bright pink. 

Pituitary Gland 

1. Observe the general structure of the pituitary gland under 
low power to differentiate between the glandular anterior 
pituitary and the neural posterior pituitary. 

2. Using the high-power lens, focus on the nests of eells of 
the anterior pituitary. When differential stains are used it is 
possible to identify the speeialized eell types that seerete the 
speeifie hormones. Using the anterior pituitary photomiero- 
graph (Figure 27.3d) as a guide, loeate the reddish brown- 
stained aeidophil eells, which produce growth hormone and 
prolaetin, and the basophil eells, whose deep-blue granules 
are responsible for the production of the tropie hormones 
(TSH, ACTH, FSH, and LH). Chromophobes, the third eel- 
lular population, do not take up the stain and appear rather 
dull and eolorless. The role of the ehromophobes is eontrover- 
sial, but they apparently are not direetly involved in hormone 
production. 

3. Switch your focus to the posterior pituitary where two 
hormones (oxytocin and ADH) synthesized by hypothalamie 
neurons are stored. Observe the axons of hypothalamie neu- 
rons that eompose most of this portion of the pituitary. Also 
note the neuroglia, or pitiiieytes (Figure 27.3e). 


Figure 27.3 (continued) Mieroseopie anatomy of 
seleeted endoerine organs. 
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Adrenal Gland 

1. Hold the slide of the adrenal gland up to the light to dis- 
tinguish the outer cortex and inner medulla areas. Then sean 
the cortex under low power to distinguish the differenees in 
eell appearanee and arrangement in the three eortieal areas. 
Refer to the adrenal gland photomierograph (Figure 27.3f) as 
you work. In the outermost zona glomerulosa, where most 
mineraloeortieoid production occurs, the tightly paeked eells 
are arranged in spherieal clusters. The deeper intermediate 


zona fasciculata produces glucocorticoids. This is the thiek- 
est part of the cortex. Its eells are arranged in parallel eords. 
The innermost eortieal zone, the zona reticularis produces 
sex hormones and some glucocorticoids. The eells here stain 
intensely and form a branehing network. 

2. Switch to higher power to view the large, lightly stained 
eells of the adrenal medulla, which produce epinephrine and 
norepinephrine. Notiee their clumped arrangement. H 


GROIJP CHALLENGE 


Odd Hormone Out 

Eaeh box below eontains four hormones. One of the listed 
hormones does not share a eharaeteristie that the other three 
do. Circle the hormone that doesn’t belong with the others 


and explain why it is singled out. What eharaeteristie is it 
missing? Sometimes there may be multiple reasons why 
the hormone doesn’t belong with the others. 


1. Which is the "odd hormone"? 

Why is it the odd one out? 

ACTH 


oxytocin 


LH 


FSH 


2. Which is the "odd hormone"? 

Why is it the odd one out? 

aldosterone 


eortisol 


epinephrine 


ADH 


3. Which is the "odd hormone"? 

Why is it the odd one out? 

PTH 


testosterone 


LH 


FSH 


4. Which is the "odd hormone"? 

Why is it the odd one out? 

insulin 


eortisol 


ealeitonin 


glucagon 
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of the Endoerine Glands 
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Gross Anatomy and Basie Function of the Endoerine Glands 

1. Both the endoerine and nervous systems are major regulating systems of the body; however, the nervous system has been 
eompared to an airmail delivery system and the endoerine system to the Pony Express. Briefly explain this eomparison. 






> 


2. Define hormone. 



3. ehemieally, hormones belong ehiefly to two molecular groups, the 


and the 


4. Define target organ. 


5. If hormones travel in the bloodstream, why don’t all tissues respond to all hormones? 


6 . Identify the endoerine organ deseribed by eaeh of the following statements. 

_1. loeated in the throat; bilobed gland eonneeted by an isthmus 

_2. found atop the kidney 

_3. a mixed gland, loeated elose to the stomaeh and small intestine 

_4. paired glands suspended in the scrotum 

_5. ride “horsebaek” on the thyroid gland 

_6. found in the pelvie eavity of the female, eoneerned with ova and female hormone production 

_7. found in the upper thorax overlying the heart; large during youth 

_8. found in the roof of the third ventriele 
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7. The table below lists the fiinetions of many of the hormones you have studied. From the keys below, fill in the hormones 
responsible for eaeh function, and the endoerine glands that produce eaeh hormone. Glands may be used more than onee. 


Hormones Key: 

ACTH 

FSH 

prolaetin 

Glands Key: 

adrenal cortex 

parathyroid glandí 

ADH 

glucagon 

PTH 

adrenal medulla 

posterior pituitary 

aldosterone 

insulin 

t 3 /t 4 

anterior pituitary 

testes 

eortisol 

LH 

testosterone 

hypothalamus 

thyroid gland 

epinephrine 

oxytocin 

TSH 

ovaries 


estrogens 

progesterone 


panereas 



Function 

Hormone(s) 

Gland(s) 

Regulate the function of another endoerine gland 

1. 


2. 

3. 

4. 

Maintenanee of salt and vvater balanee in the 
extracellular fluid 

1. 


2. 


Direetly involved in milk production and ejeetion 

1. 


2. 


Controls the rate of body metabolism and cellular 
oxidation 

1. 


Regulates blood calcium levels 

1. 


Regulate blood glucose levels; produced by the same 
"mixed" gland 

1. 


2. 

Released in response to stressors 

1. 


2. 


Drive development of seeondary sex eharaeteristies in 
males 

1. 


Direetly responsible for regulation of the menstmal 
eyele 

1. 


2. 


8. Although the pituitary gland is often referred to as the master gland of the body, the hypothalamus exerts eontrol over the 
pituitary gland. How does the hypothalamus eontrol both anterior and posterior pituitary functioning? 
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9. Indieate whether the release of the hormones listed below is stimulated by (A) another hormone; (B) the nervous system 
(neurotransmitters, or neurosecretions); or (C) humoral faetors (the eoneentration of speeifie nonhormonal substances in the 
blood or extracellular fluid). (Use your textbook as neeessary.) 

_1. ACTH _4. insulin 7. T 4 /T 3 

_2. ealeitonin _5. norepinephrine 8. testosterone 

_3. estrogens _6. parathyroid hormone 9. TSH, FSH 

10. Name the hormone(s) produced in inadequate amounts that direetly result in the following eonditions. 

_1. tetany 

_2. excessive diuresis without high blood glucose levels 

_3. loss of glucose in the urine 

_4. abnormally small stature, normal proportions 

_5. low BMR, mental and physieal sluggishness 

11. Name the hormone(s) produced in excessive amounts that direetly result in the following eonditions. 

_1. large hands and feet in the adult, large faeial bones 

_2. nervousness, irregular pulse rate, sweating 

_3. demineralization of bones, spontaneous fractures 


Mieroseopie Anatomy of Seleeted Endoerine Glands 

12. Choose a response from the key below to name the hormone(s) produced by the eell types listed. 

Key: a. ealeitonin d. glucocorticoids g. PTH 

b. GH, prolaetin e. insulin h. T 4 /T 3 

e. glucagon f. mineraloeortieoids i. TSH, ACTH, FSH, LH 


1. parafollicular eells of the thyroid 

2. follicular eells of the thyroid 

3. beta eells of the panereatie islets 

4. alpha eells of the panereatie islets 

5. basophil eells of the anterior pituitary 


6. zona fasciculata eells 

7. zona glomemlosa eells 

8. parathyroid eells 

9. aeidophil eells of the anterior pituitary 
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13. Six diagrams of the mieroseopie structures of the endoerine glands are presented here. Identify eaeh and name all structures 
indieated by a leader line or braeket. 
























































































































































MATERIALS 

Aetivity 1: Pituitary hormone and ovary* 

□ Female frogs ( Rana pipiens) 

□ Disposable gloves 

□ Batteryjars 

□ Syringe (2-ml eapaeity) 

□ 20- to 25-gauge needle 

□ Frog pituitary extract 

□ Physiologieal saline 

□ Spring or pond vvater 

□ Wax marking peneils 

Aetivity 2: Hyperinsu!inism* 


OBJECTIVES 

1. Deseribe the effeets of pituitary extract in the frog and indieate vvhieh 
hormone(s) is/are responsible for these effeets. 

2. Deseribe the symptoms of hyperinsulinism in the fish and explain hovv 
these symptoms vvere reversed. 

3. Define metabolism. 

4. State the functions of thyroid hormone in the body. 

5. Explain hovv negative feedbaek meehanisms regulate thyroid hormone 
seeretion. 

6. Deseribe and explain the various pathologies assoeiated vvith 
hypothyroidism and hyperthyroidism. 




□ 500- or 600-ml beakers 

□ 20% glucose solution 

□ Commercial insulin solution (400 
international units [IU] per 100 ml 
of H 2 0) 

□ Finger bovvls 

□ Small (4-5 em, or V/i-2 in.) freshvvater 
fish (guppy, bluegill, or sunfish-listed 
in order of preferenee) 

□ Wax marking peneils 


*The Seleeted Aetions ofHormones and 
Other Chemical Messengers video (available 
to qualified adopters from Pearson Educa- 
tion) may be used in lieu of student partiei- 
pation in Aetivities 1 and 2. 


PEx 


PhysioEx™ 9.1 Computer Simulation 
Ex. 4 on p. PEx-59. 


PRE-LAB Q U I Z 

1. Circle True or False. Gonadotropins are produced by the anterior pituitary 
gland. 

2. Circle the eorreet underlined term. Many people vvith diabetes mellitus need 
injeetions of insulin / glucagon to maintain homeostasis. 

3. Circle the eorreet underlined term. Catabolism / Anabolism is the proeess by 
vvhieh substances are broken dovvn into simpler compounds. 

4. _is the single most important hormone responsible for influencing 

the rate of cellular metabolism and body heat production. 

a. Calcitonin e. Insulin 

b. Estrogen d. Thyroid hormone 

5. Basal metabolie rate (BMR) is 

a. deereased in individuals vvith hyperthyroidism 

b. inereased in individuals vvith hyperthyroidism 
e. inereased in obese individuals 


M 
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V 


Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 


T he endoerine system exerts many complex and interrelated effeets on the 

body as a whole, as well as on speeifie organs and tissues. Most seientifie 
knowledge about this system is reeent, and new information is eonstantly 
being presented. Many experiments on the endoerine system require relatively 
large laboratory animals; are time-consuming (requiring days to weeks of obser- 
vation); and often involve teehnieally difficult surgical procedures to remove the 
glands or parts of them, all of which makes it difficult to conduct more general 
types of laboratory experiments. Nevertheless, the two teehnieally unsophisti- 
eated experiments presented here should illustrate how dramatieally hormones 
affeet body functioning. (Also, students may perform simulated endoerine wet 
labs in PhysioEx Exercise 4.) 
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Endoerine Experiments: 
Gonadotropins and lnsulin 


AOTIVITY 1 


Determining the Effeet of Pituitary 
Hormones on the Ovary 

The anterior pituitary gonadotropie hormones—folliele- 
stimulating hormone (FSH) and luteinizing hormone (LH)— 
regulate the ovarian eyeles of the female (see Exercise 43). 
Although amphibians normally ovulate seasonally, many ean 
be stimulated to ovulate “on demand” by injeeting an extract 
of pituitary hormones. In the following experiment, you will 
need to injeet the frog the day before the lab session or return 
to eheek results the day after the scheduled lab session. 

▲ 1. Don disposable gloves, and obtain two frogs. Plaee 

them in separate battery jars to bring them to your 
laboratory beneh. Also bring baek a syringe and needle, a wax 
marking peneil, pond or spring water, and eontainers of pitu- 
itary extract and physiologieal saline. 

2. Before beginning, examine eaeh frog for the presenee of 
eggs. Hold the frog firmly with one hand and exert pressure 
on its abdomen toward the eloaea (in the direetion of the legs). 
If ovulation has occurred, any eggs present in the oviduct will 
be foreed out and will appear at the eloaeal opening. If no 
eggs are present, continue with step 3. 

If eggs are expressed, return the animal to your instme- 
tor and obtain another frog for experimentation. Repeat the 
procedure for determining if eggs are present until two frogs 
that laek eggs have been obtained. 

3. Aspirate 1 to 2 ml of the pituitary extract into a syringe. 
injeet the extract subcutaneously into the anterior abdominal 
(peritoneal) eavity of the frog you have seleeted to be the 
experimental animal. To injeet into the peritoneal eavity, hold 
the frog with its ventral surface superiorly. Insert the needle 
through the skin and muscles of the abdominal wall in the 
lower quarter of the abdomen. Do not insert the needle far 
enough to damage any of the vital organs. With a wax marker, 
label its large battery jar “experimental,” and plaee the frog in 
it. Add a small amount of pond water to the battery jar before 
continuing. 

4. Aspirate 1 to 2 ml of physiologieal saline into a syringe 
and injeet it into the peritoneal eavity of the seeond frog—this 
will be the eontrol animal. (Make sure you injeet the same 
volume of fluid into both frogs.) Plaee this frog into the 
seeond battery jar, marked “eontrol.” Allow the animals to 
remain undisturbed for 24 hours. 

5. After 24 hours, again eheek eaeh frog for the presenee of 
eggs in the eloaea. (See step 2.) If no eggs are present, make 
arrangements with your laboratory instmetor to return to the 
lab on the next day (at 48 hours after injeetion) to eheek your 
frogs for the presenee of eggs. 

6. Return the frogs to the terrarium before leaving or eon- 
tinuing with the lab. 


Speeifieally, what hormone in the pituitary extract causes 
ovulation to occur? 


ACTI VITY 2 


Observing the Effeets of Hyperinsulinism 

Many people with diabetes mellitus need injeetions of insulin 
to maintain normal blood glucose levels. Adequate amounts 
of blood glucose are essential for proper functioning of the 
nervous system; thus, the administration of insulin must be 
carefully eontrolled. If blood glucose levels fall precipitously, 
the patient will go into insulin shoek. 

A small fish will be used to demonstrate the effeets of 
hyperinsulinism. Sinee the aetion of insulin on the fish paral- 
lels that in the human, this experiment should provide valid 
information eoneerning its administration to humans. 

1. Prepare two finger bowls. Using a wax marking peneil, 
mark one A and the other B. To finger bowl A, add 100 ml of 
the eommereial insulin solution. To finger bowl B, add 200 
ml of 20% glucose solution. 

2. Plaee a small fish in finger bowl A and observe its aetions 
carefully as the insulin diffuses into its bloodstream through 
the eapillary circulation of its gills. 

Approximately how long did it take for the fish to beeome 
eomatose? 


What types of aetivity did you observe in the fish before it 
beeame eomatose? 


3. When the fish is eomatose, carefully transfer it to finger 
bowl B and observe its aetions. What happens to the fish after 
it is transferred? 


Approximately how long did it take for this reeovery? 




In which of the prepared frogs was ovulation induced? 


4. After all observations have been made and reeorded, eare- 
fully return the fish to the aquarium. H 
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Human Metabolism 
and Thyroid Hormones 


Metabolism is a broad term referring to all ehemieal reae- 
tions that are neeessary to maintain life. It involves both 
eatabolism, enzymatieally eontrolled proeesses in which sub- 
stanees are broken down to simpler substances, and anabo- 
lism, proeesses in which larger molecules or structures are 
built from smaller ones. Most eatabolie reaetions in the body 
are aeeompanied by a net release of energy. Some of the 
liberated energy is captured to make ATP, the energy-rieh 
molecule used by body eells to energize all their aetivities; 
the balanee is lost in the form of thermal energy or heat. 
Maintaining body temperature is linked to the heat-liberating 
aspeets of metabolism. 

Various foodstuffs make different contributions to the 
proeess of metabolism. For example, earbohydrates, particu- 
larly glucose, are generally broken down or oxidized to make 
ATP, whereas fats are utilized to form eell membranes and 
myelin sheaths, and to insulate the body with a fatty cushion. 
Fats are used seeondarily for producing ATP, particularly 
when the diet is inadequate in earbohydrates. Proteins and 
amino aeids tend to be eonserved by body eells, and under- 
standably so, sinee most structural elements of the body are 
built with proteins. 

Thyroid hormone (TH, eolleetively T 3 and T 4 ), pro- 
duced by the thyroid gland, is the single most important hor- 
mone influencing an individual’s basal metabolie rate (BMR) 
and body heat production. Basal metabolie rate, often ealled 
the “energy eost of living,” is the energy needed to perform 
essential aetivity such as breathing and maintaining organ 
function. The level of thyroid hormone produced direetly 
affeets BMR, the more thyroid hormone produced, the higher 
the BMR. In addition, thyroid hormone regulates growth and 
development and is espeeially important for the maturation 
and normal function of the nervous system. 

The tropie hormone thyroid-stimulating hormone (TSH), 
produced by the anterior pituitary, eontrols the seeretory 
aetivity of the thyroid gland. The hypothalamie hormone 
thyrotropin-releasing hormone (TRH) stimulates the release 
of TSH from eells of the anterior pituitary gland. Rising lev- 
els of thyroid hormone aet on both the anterior pituitary and 
the hypothalamus to inhibit seeretion of TSH. (Figure 28.1 
illustrates the feedbaek loop that regulates thyroid hormone 
seeretion.) 

A goiter is an enlargement of the thyroid gland. 
Both hypothyroidism and hyperthyroidism ean 
result in production of a goiter. In either ease, the goiter is a 
result of excessive stimulation of the thyroid gland. 






Stimiilates 

Inhibits 


Figure 28.1 Regulation of thyroid hormone seeretion 


Hypothyroidism , also ealled myxedema, produces symp- 
toms including low metabolie rate; feeling ehilled; eonstipa- 
tion; thiek, dry skin and puffy skin (“bags”) beneath the eyes; 
edema; lethargy; and mental sluggishness. A goiter occurs 
when hypothyroidism is caused by (1) primary failure of the 
thyroid gland or (2) an iodine-defieient diet that prevents 
the thyroid gland from producing TH. In both eases, the low 
levels of TH remove the inhibition for seeretion of TSH, and 
its levels rise. When hypothyroidism is seeondary to hypo- 
thalamie or anterior pituitary failure, TRH and/or TSH levels 
fall, and no goiter is observed. 

Symptoms of hyperthyroidism include elevated metabo- 
lism; sweating; a rapid, more forceful heartbeat; nervous- 
ness; weight loss; difficulty eoneentrating; and ehanges in 
skin texture. The most eommon cause of hyperthyroidism is 
Graves’ disease. Protmsion of the eyeballs sometimes occurs 
in patients with Graves’ disease and is a unique symptom of 
this type of hyperthyroidism. Graves’ disease is an autoim- 
mune disorder in which the body makes abnormal antibodies 
that mimie the aetion of TSH on follicular eells of the thyroid. 
Despite low levels of TSH, the thyroid is being powerfully 
stimulated and produces a large goiter. Hyperthyroidism ean 
also arise seeondary to excess hypothalamie or anterior pitu- 
itary seeretion. In this ease, TSH levels are high and a goiter 
occurs. A hyperseereting thyroid tumor also causes hyperthy- 
roidism. TSH levels are low when such a tumor is present, and 
there is no goiter. + 

Use the information above to answer the questions asso- 
eiated with the ease studies in the following Group Challenge. 
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GROUP GHALLENGE 


Thyroid Hormone Case Studies 

Case 1: Marty is a 24-year-old male. He has notieed a 
bulge on his neek that has been inereasing in size over the 
past few months. His physieian orders a blood test with the 
following results: 


Component 

Results 

Normal range 

Units 

TSH 

<0.1 

0.1-5.5 

|jlU/ml 

Free T 4 

5.3 

0.8-1.7 

ng/dL 


Does Marty have hypothyroidism or hyperthyroidism? 


Name and briefly deseribe the most likely cause of his 
thyroid disorder_ 


Case 2: Heather is a 60-year-old female. She eomplains of 
swelling in her limbs and fatigue. Her physieian orders a 
blood test with the following results: 


Component 

Results 

Normal range 

Units 

TSH 

5.7 

0.1-5.5 

|jlU/ml 

Free T 4 

0.5 

0.8-1.7 

ng/dL 


Does Heather have hypothyroidism or hyperthyroidism? 


Name and briefly deseribe the most likely cause(s) of her 
thyroid disorder_ 



What other signs and symptoms might Marty be 
experiencing? 


Does Heather have a goiter?_ 

What other signs and symptoms might Heather be 
experiencing?_ 



F 




























Name_ 

Lab Time/Date 





Determining the Effeet of Pituitary Hormones on the Ovary 

1. In the experiment on the effeets of pituitary hormones, two anterior pituitary hormones caused ovulation to occur in 
the experimental animal. Which of these actually triggered ovulation or egg expulsion? 





The normal function of the seeond hormone involved, 



is to 


> 


2. Why was a seeond frog injeeted with saline? 


Observing the Effeets of Hyperinsulinism 


3. Briefly explain what was happening within the fish’s system when the fish was immersed in the insulin solution 



4. What is the meehanism of the reeovery proeess observed? 


5. What would you do to help a friend who had inadvertently taken an overdose of insulin? 


Why? 


Human Metabolism and Thyroid Hormones 

6. Use an appropriate referenee to indieate which of the following would be assoeiated with inereased or deereased BMR. 
indieate inerease by | and deerease by I. 

inereased exercise_ aging_ infeetion/fever_ 

small/slight stature_ obesity_ sex (S or 5)_ 
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7. What are some possible treatments for myxedema? (Use your textbook or another appropriate referenee.) 


8. What are some possible treatments for Graves’ disease? (Use your textbook or another appropriate referenee.) 






MATERIALS 

General supply area:* 

□ Disposable gloves 

□ Safety glasses (student-provided) 

□ Bucket or large beaker eontaining 10% 
household bleaeh solution for slide and 
glassvvare disposal 

□ Spray bottles eontaining 10% bleaeh 
solution 

□ Autoclave bag 

□ Designated laneet (sharps) disposal 
eontainer 

□ Plasma (obtained from an animal hospital 
or prepared by centrifuging animal [for 
example, eattle or sheep] blood obtained 
from a biologieal supply house) 

□ Test tubes and test tube raeks 

□ Wide-range pH paper 

□ Stained smears of human blood from a 
biologieal supply house or, if desired by 
the instructor, heparinized animal blood 
obtained from a biologieal supply house 
or an animal hospital (for example, 
dog blood), or EDTA-treated red eells 
(referenee cells + ) vvith blood type labels 
obscured (available from lmmucor, ine.) 





OBJECTIVES 

1. Name the tvvo major eomponents of blood, and state their average 
pereentages in vvhole blood. 

2. Deseribe the eomposition and functional importanee of plasma. 

3. Define formed elements and list the eell types eomposing them, state 
their relative pereentages, and deseribe their major functions. 

4. Identify erythroeytes, basophils, eosinophils, monoeytes, lymphoeytes, 
and neutrophils vvhen provided vvith a mieroseopie preparation or 
appropriate image. 



5. Provide the normal values for a total vvhite blood eell count and a total red 
blood eell count, and state the importanee of these tests. 


6. Conduct the follovving blood tests in the laboratory, and state their 
norms and the importanee of eaeh: differential vvhite blood eell count, 
hematoerit, hemoglobin determination, elotting time, and plasma 
eholesterol eoneentration. 


7. Define leukocytosis f leukopenia f leukemia f polycythemia f and anemia and 
eite a possible cause for eaeh eondition. 

8. Perform an ABO and Rh blood typing test in the laboratory and discuss 
the reason for transfusion reaetions resulting from the administration of 
mismatehed blood. 


PRE-LAB Q U I Z 


*Note to the Instructor: See direetions for 
handling of soiled glassware and disposable 
items (page 424). 

T The blood in these kits (eaeh eontaining 
foiir blood eell types—Al, A2, B, and O— 
individually supplied in 10-ml vials) is used 
to ealibrate eell counters and other auto- 
mated elinieal laboratory equipment. This 
blood has been carefully sereened and ean 
be safely used by students for blood typing 
and determining hematoerits. It is not usable 
for hemoglobin determinations or coagula- 
tion studies. 

(Text eontimies on next page.) 
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1. Circle True or False. There are no speeial precautions that I need to observe 
vvhen performing today's lab. 

2. Three types of formed elements found in blood include erythroeytes, 

leukocytes, and_. 

a. eleetrolytes b. fibers e. platelets d. sodium salts 

3. Circle the eorreet underlined term. Mature erythroeytes / leukocytes are the 
most numerous blood eells and do not have a nucleus. 

4. The least numerous but largest of all agranulocytes is the 

a. basophil b. lymphoeyte e. monoeyte d. neutrophil 

5. _are the leukocytes responsible for releasing histamine and other 

mediators of inflammation. 

a. Basophils b. Eosinophils e. Monoeytes d. Neutrophils 

6. _are essential for blood elotting. 

7. Circle the eorreet underlined term. When determining the hematoerit / 
hemoglobin. you vvill centrifuge vvhole blood in order to allovv the formed 
elements to sink to the bottom of the sample. 

8. Circle the eorreet underlined term. The normal hematoerit value for 
females / males is generally higher than that of the opposite sex. 

9. Circle the eorreet underlined term. Blood typing is based on the presenee 
of proteins knovvn as antigens / antibodies on the outer surface of the red 
blood eell plasma membrane. 

10. Circle True or False. If an individual is transfused vvith the vvrong blood 
type, the reeipient's antibodies reaet vvith the donor's antigens, eventually 
clumping and hemolyzing the donated RBCs. 
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(Materials list continued.) 

□ Clean mieroseope slides 

□ Glass stirring rods 

□ VVright's stain in a dropper bottle 

□ Distilled water in a dropper bottle 

□ Sterile laneets 

□ Absorbent eotton balls 

□ Aleohol swabs (wipes) 

□ Paper towels 

□ Compound mieroseope 

□ Immersion oil 

□ Assorted slides of white blood count 
pathologies labeled "Unknown Sample 

n 

□ Timer 

Because many blood tests are to be eon- 
ducted in this exercise, it is advisable to set 
up a number of appropriately labeled sup- 
ply areas for the various tests, as designated 
below. Some needed supplies are loeated in 
the general supply area. 


Note: Artifieial blood prepared by Ward’s 

Natural Seienee ean be used for differential 

counts, hematoerit, and blood typing. 

Aetivity 4: Hematoerit 

□ Heparinized eapillary tubes 

□ Mierohematoerit centrifuge and reading 
gauge (if the reading gauge is not 
available, a millimeter ruler may be used) 

□ Capillary tube sealer or modeling elay 

Aetivity 5: Hemoglobin determination 

□ Hemoglobinometer, hemolysis 
applieator, and lens paper; or Tallquist 
hemoglobin seale and test paper 

Aetivity 6: Coagulation time 

□ Capillary tubes (nonheparinized) 

□ Fine triangular file 

Aetivity 7: Blood typing 

□ Blood typing sera (anti-A, anti-B, and 
anti-Rh [anti-D]) 

□ Rh typing box 


□ Wax marking peneil 

□ Toothpieks 

□ Medieine dropper 

□ Blood test eards or mieroseope 
slides 

Aetivity 8: Demonstration 

□ Mieroseopes set up with prepared 
slides demonstrating the following 
bone (or bone marrow) eonditions: 
maeroeytie hypoehromie anemia, 
mieroeytie hypoehromie anemia, siekle 
eell anemia, lymphoeytie leukemia 
(ehronie), and eosinophilia 

Aetivity 9: eholesterol measurement 

□ eholesterol test eards and eolor seale 


PEx 


PhysioEx™ 9.1 Computer Simulation 
Ex. 11 on p. PEx-161. 


n this exercise you will study plasma and formed elements 
of blood and conduct various hematologie tests. These tests 
are useful diagnostie tools for the physieian because blood 
eomposition (number and types of blood eells, and ehemieal 
eomposition) refleets the status of many body functions and 
malfunctions. 

f ALERT: Speeial precautions when handling blood. 

* This exercise provides information on blood from several 

sources: human, animal, human treated, and artifieial blood. The 
deeision to use animal blood for testing or to have students test 
their own blood will be made by the instmetor in aeeordanee 
with the educational goals of the student group. For example, for 
students in the nursing or laboratory teehnieian curricula, leam- 
ing how to safely handle human blood or other human wastes is 
essential. Whenever blood is being handled, speeial attention 
must be paid to safety precautions. instmetors who opt to use 
human blood are responsible for its safe handling. Precautions 
should be used regardless of the source of the blood. This will 
both teaeh good technique and ensure the safety of the students. 
Follow exactly the safety precautions listed below. 

1. Wear safety gloves at all times. Diseard appropriately. 

2. Wear safety glasses throughout the exercise. 

3. Handle only your own, freshly drawn (human) blood. 

4. Be sure you understand the instmetions and have all 
supplies on hand before you begin any part of the exercise. 

5. Do not reuse supplies and equipment onee they have been 
exposed to blood. 

6. Keep the lab area elean. Do not let anything that has eome 
in eontaet with blood touch surfaces or other individuals 
in the lab. Pay attention to the loeation of any supplies and 
equipment that eome into eontaet with blood. 


7. Dispose of laneets immediately after use in a designated 
disposal eontainer. Do not put them down on the lab beneh, 
even temporarily. 

8. Dispose of all used eotton balls, aleohol swabs, blotting 
paper, and so forth in autoclave bags and plaee all soiled 
glassware in eontainers of 10% bleaeh solution. 

9. Wipe down the lab beneh with 10% bleaeh solution when 
you finish. 

eomposition of Blood 

Circulating blood is a rather viscous substance that varies from 
bright searlet to a dull briek red, depending on the amount of 
oxygen it is earrying. The average volume of blood in the body 
is about 5-6 L in adult males and 4-5 L in adult females. 

Blood is elassified as a type of eonneetive tissue because 
it eonsists of a nonliving fluid matrix (the plasma) in which 
living eells (formed elements) are suspended. The fibers 
typieal of a eonneetive tissue matrix beeome visible in blood 
only when elotting occurs. They then appear as fibrin threads, 
which form the structural basis for elot formation. 

More than 100 different substances are dissolved or sus- 
pended in plasma (Figiire 29.1), which is over 90% water. 
These include nutrients, gases, hormones, various wastes and 
metabolites, many types of proteins, and eleetrolytes. The 
eomposition of plasma varies continuously as eells remove 
or add substances to the blood. 

Three types of formed elements are present in blood 
(Table 29.1 . Most numerous are erythroeytes, or red 
blood eells (RBCs), which are literally saes of hemoglobin 
molecules that transport the bulk of the oxygen earried in 
the blood (and a small pereentage of the earbon dioxide). 
Leukocytes, or white blood eells (WBCs), are part of the 
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V.; 




Plasma 55% 

Constituent 

Major Functions 

Water 

Solvent for earrying 
other substances; 
absorbs heat 

Salts (eleetrolytes) 

Sodium 

Potassium 

Calcium 

Magnesium 

Chloride 

Biearbonate 

Osmotie balanee, 
pH buffering 

Plasma proteins 

Albumin 

Fibrinogen 

Globulins 

Osmotie balanee 

eiotting of blood 

Defense (antibodies) 
and lipid transport 

Substances transported by blood 


Nutrients (glucose, fatty aeids, amino aeids, vitamins) 
Waste products of metabolism (urea, uric aeid) 
Respiratory gases (0 2 and C0 2 ) 

Hormones 






Formed elements 45% 


CellType 


Number 

(per mm 3 of blood) 


Functions 


Erythroeytes 
(red blood eells) 



Leukocytes 
(white blood eells) 


4-6 million 


Transport oxygen 
and help transport 
earbon dioxide 


4800- 10,800 


Defense and 
immunity 


% 






v 


Basophil 




Lymphoeyte 



Eosinophil 


Neutrophil 



Monoeyte 


Platelets 




nm 





« 


150,000 

400,000 


Blood elotting 


Figure 29.1 The eomposition of blood. Note that leukocytes and platelets are found 
in the band between plasma (above) and erythroeytes (below). 


body’s nonspeeifie defenses and the immune system, and 
platelets function in hemostasis (blood elot formation); 
together they make up <1% of whole blood. Formed ele- 
ments normally constitute 45% of whole blood; plasma 
accounts for the remaining 55%. 


pH of Plasma 

Test the pH of the plasma with wide-range pH paper. Reeord 
the pH observed.- 


A C T I V I T Y 1 


Determining the Physieal 
Characteristics of Plasma 

Go to the general supply area and carefully pour a few milli- 
liters of plasma into a test tube. Also obtain some wide-range 
pH paper, and then return to your laboratory beneh to make 
the following simple observations. 


Color and eiarity of Plasma 

Hold the test tube up to a source of natural light. Note and 
reeord its eolor and degree of transpareney. Is it elear, trans- 
lucent, or opaque? 

Color_ 

Degree of transpareney_ 
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Table 29.1 

Siimmary of Formed Elements of the Blood 




Duration of 


Cells/mm3 (pl) 

development (D) 

Cell type 

llliistration Deseription* of blood 

and life span (LS) Function 


Erythroeytes 

(red blood eells, 
RBCs) 



Bieoneave, anucleate 4-6 million D: about 15 days Transport oxygen and 

dise; salmon-eolored; LS: 100-120 days earbon dioxide 

diameter 7-8 pm 


Leukocytes 

(white blood eells, 
WBCs) 

Granulocytes 

Neutrophil 



Eosinophil 



Spherieal, nucleated 4800-10,800 
eells 


Nucleus multilobed; 3000-7000 

inconspicuous 
eytoplasmie granules; 
diameter 10-12 pm 

Nucleus bilobed; red 100-400 

eytoplasmie gramiles; 
diameter 10-14 pm 


Basophil 



Nucleus lobed; 20-50 

large blue-purple 
eytoplasmie granules; 
diameter 10-14 pm 


Agranulocytes 

Lymphoeyte 


Monoeyte 



Nucleus spherieal or 1500-3000 

indented; pale blue 
eytoplasm; diameter 

5-17 pm 

Nucleus U- or kidney- 100-700 

shaped; gray-blue 
eytoplasm; diameter 

14-24 pm 


Platelets 



Diseoid eytoplasmie 150,000-400,000 
fragments eontaining 
gramiles; stain deep 
purple; diameter 

2-4 pm 


*Appearance when stained with Wright’s stain. 


D: about 14 days 

LS: 6 hours to a 
few days 

Phagoeytize baeteria 

D: about 14 days 

LS: about 5 days 

Kill parasitie worms; 
complex role in 
allergy and asthma 

D: 1-7 days 

LS: a few hours to a 
few days 

Release histamine 
and other mediators 
of inflammation; 
eontain heparin, an 
anticoagulant 

D: days to weeks 

LS: hours to years 

Mount immune 
response by direet 
eell attaek or via 
antibodies 

D: 2-3 days 

LS: months 

Phagoeytosis; develop 
into maerophages in 
tissues 

D: 4-5 days 

LS: 5-10 days 

Seal small tears 
in blood vessels; 
instmmental in blood 
elotting 


Consistency 

While wearing gloves, dip your finger and thumb into plasma and 
then press them firmly together for a few seeonds. Gently pull 
them apart. How would you deseribe the eonsisteney of plasma 
(slippery, watery, stieky, granular)? Reeord your observations. 



AOTIVITY 2 


Examining the Formed Elements 
of Blood Mieroseopieally 

In this seetion, you will observe blood eells on an already 
prepared (purchased) blood slide or on a slide prepared from 
your own blood or blood provided by your instmetor. 

• Those using the purchased blood slide are to obtain a 
slide and begin their observations at step 6. 



• Those testing blood provided by a biologieal supply 
source or an animal hospital are to obtain a tube of the supplied 
blood, disposable gloves, and the supplies listed in step 1, 
except for the laneets and aleohol swabs. After donning gloves, 
those students will go to step 3b to begin their observations. 

• If you are examining your own blood, you will perform 
all the steps deseribed below except step 3b. 


1. Obtain two glass slides, a glass stirring rod, dropper bot- 
tles of Wright’s stain and distilled water, two or three laneets, 
eotton balls, and aleohol swabs. Bring this equipment to the 
laboratory beneh. Clean the slides thoroughly and dry them. 


2. Open the aleohol swab paeket and sernb your third or 
fourth finger with the swab. (Because the prieked finger 
may be a little sore later, it is better to prepare a finger on 
the nondominant hand.) Circumduct your hand (swing it in 
a eone-shaped path) for 10 to 15 seeonds. This will dry 
the aleohol and cause your fingers to beeome engorged with 
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Slide 1 Drop of blood 


(a) 




Figure 29.2 Procedure for making a blood smear. 

(a) Plaee a drop of blood on slide 1 approximately 
V 2 ineh from one end. (b) Hold slide 2 at a 30° to 40° angle 
to slide 1 (it should touch the drop of blood) and allovv 
blood to spread along entire bottom edge of angled 
slide. (e) Smoothly advanee slide 2 to end of slide 1 (blood 
should run out before reaehing the end of slide 1). Then 
lift slide 2 avvay from slide 1 and plaee it on a paper 
tovvel. 

blood. Then, open the laneet paeket and grasp the laneet by 
its blunt end. Quickly jab the pointed end into the prepared 
finger to produce a free flow of blood. It is not a good idea 
to squeeze or “milk” the finger, as this forees out tissue fluid 
as well as blood. If the blood is not flowing freely, another 
puncture should be made. 

| Under no circumstances is a laneet to be used for more 

* than one pnnetnre. Dispose of the laneets in the desig- 
nated disposal eontainer immediately after use. 

3a. With a eotton ball, wipe away the first drop of blood; 
then allow another large drop of blood to form. Touch the 
blood to one of the eleaned slides approximately 1.3 em, or 
V 2 ineh, from the end. Then quickly (to prevent elotting) use 
the seeond slide to form a blood smear (Figure 29.2). When 
properly prepared, the blood smear is uniformly thin. If the 
blood smear appears streaked, the blood probably began to 
elot or coagulate before the smear was made, and another 
slide should be prepared. Continue at step 4. 

3b. Dip a glass rod in the blood provided, and transfer a gen- 
erous drop of blood to the end of a eleaned mieroseope slide. 
For the time being, lay the glass rod on a paper towel on the 
beneh. Then, as deseribed in step 3a (Figure 29.2), use the 
seeond slide to make your blood smear. 


Eosinophil Lymphoeyte Monoeyte 



Platelets Neutrophils —^ Erythroeytes 


Figure 29.3 Photomierograph of a human blood smear 
stained with Wright's stain (765x). 

4. Dry the slide by waving it in the air. When it is eompletely 
dry, it will look dull. Plaee it on a paper towel, and flood it 
with Wright’s stain. Count the number of drops of stain used. 
Allow the stain to remain on the slide for 3 to 4 minutes, and 
then flood the slide with an equal number of drops of distilled 
water. Allow the water and Wright’s stain mixture to remain 
on the slide for 4 or 5 minutes or until a metallie green film or 
scum is apparent on the fluid surface. Blow on the slide gently 
every minute or so to keep the water and stain mixed during 
this interval. 

5. Rinse the slide with a stream of distilled water. Then 
flood it with distilled water, and allow it to lie flat until the 
slide beeomes translucent and takes on a pink east. Then 
stand the slide on its long edge on the paper towel, and 
allow it to dry eompletely. Onee the slide is dry, you ean 
begin your observations. 

6. Obtain a mieroseope and sean the slide under low power 
to find the area where the blood smear is the thinnest. 
After seanning the slide in low power to find the areas with 
the largest numbers of nucleated WBCs, read the following 
deseriptions of eell types, and find eaeh one in the art illus- 
trating blood eell types (in Figure 29.1 and Table 29.1). (The 
formed elements are also shown in Figure 29.3 and Figure 
29.4.) Then, switch to the oil immersion lens, and observe the 
slide carefully to identify eaeh eell type. 

7. Set your prepared slide aside for use in Aetivity 3. 

Erythroeytes 

Erythroeytes, or red blood eells, which average 7.5 pm in 
diameter, vary in eolor from a salmon red eolor to pale pink, 
depending on the effeetiveness of the stain. They have a dis- 
tinetive bieoneave dise shape and appear paler in the eenter 
than at the edge (see Figure 29.3). 

As you observe the slide, notiee that the red blood eells 
are by far the most numerous blood eells seen in the field. 
Their number averages 4.5 million to 5.5 million eells per 
cubic millimeter of blood (for women and men, respeetively). 
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(a) Neiitrophil; 

miiltilobed nucleus 



(b) Eosinophil; 

bilobed nucleus, 
red eytoplasmie 
granules 



(e) Basophil; 

bilobed nucleus, 
purplish-black 
eytoplasmie 
granules 



(d) Small lymphoeyte; 

large spherieal 
nucleus 



(e) Monoeyte; 

kidney-shaped 

nucleus 


Figure 29.4 Leukocytes. In eaeh ease the leukocytes are 
surrounded by erythroeytes (1330x # Wright f s stain). 


Red blood eells differ from the other blood eells because 
they are anucleate (laeking a nucleus) when mature and eir- 
culating in the blood. As a result, they are unable to reproduce 
or repair damage and have a limited life span of 100 to 120 
days, after which they begin to fragment and are destroyed, 
mainly in the spleen. 

In various anemias, the red blood eells may appear 


pale (an indieation of deereased hemoglobin eon- 


tent) or may be nucleated (an indieation that the bone marrow 
is turning out eells prematurely). + 

Leukocytes 

Leukocytes, or white blood eells, are nucleated eells that are 
formed in the bone marrow from the same stem eells ( hemo- 
eytoblast) as red blood eells. They are much less numerous 
than the red blood eells, averaging from 4800 to 10,800 eells 
per cubic millimeter. Basieally, white blood eells are protee- 
tive, pathogen-destroying eells that are transported to all parts 
of the body in the blood or lymph. Important to their protee- 
tive function is their ability to move in and out of blood ves- 
sels, a proeess ealled diapedesis, and to wander through body 
tissues by amoeboid motion to reaeh sites of inflammation or 
tissue destmetion. They are elassified into two major groups, 
depending on whether or not they eontain conspicuous gran- 
ules in their eytoplasm. 

Granulocytes make up the first group. The granules 
in their eytoplasm stain differentially with Wright’s stain, 
and they have peculiarly lobed nuclei, which often eonsist 
of expanded nuclear regions eonneeted by thin strands of 
nucleoplasm. There are three types of granulocytes: 

Neutrophil: The most abundant of the white blood eells 
(50% to 70% of the leukocyte population); nucleus eonsists 
of 3 to 6 lobes and the pale lilae eytoplasm eontains fine 
eytoplasmie granules, which are generally indistinguishable 
and take up both the aeidie (red) and basie (blue) dyes ( neu- 
trophil = neutral loving) (Figure 29.4a); functions as an 
aetive phagoeyte. The number of neutrophils inereases expo- 
nentially during acute infeetions. 

Eosinophil: Represents 2% to 4% of the leukocyte popula- 
tion; nucleus is generally figure-8 or bilobed in shape; eon- 
tains large eytoplasmie granules (elaborate lysosomes) that 
stain red-orange with the aeid dyes in Wright’s stain (see 
Figure 29.4b). Eosinophils are about the size of neutrophils 
and play a role in counterattacking parasitie worms. Eosino- 
phils have complex roles in many other diseases, espeeially 
in allergy and asthma. 

Basophil: Least abundant leukocyte type representing less 
than 1% of the population; large U- or S-shaped nucleus with 
two or more indentations. Cytoplasm eontains eoarse, sparse 
granules that are stained deep purple by the basie dyes in 
Wright’s stain (see Figure 29.4c). The granules eontain several 
ehemieals, including histamine, a vasodilator that is diseharged 
on exposure to antigens and helps mediate the inflammatory 
response. Basophils are about the size of neutrophils. 

The seeond group, agranulocytes, or agramilar 
leukocytes, eontains no visible eytoplasmie granules. 
Although found in the bloodstream, they are much more abun- 
dant in lymphoid tissues. Their nuclei tend to be eloser to the 
norm, that is, spherieal, oval, or kidney-shaped. Speeifie ehar- 
aeteristies of the two types of agranulocytes are listed below. 

Lymphoeyte: The smallest of the leukocytes, approximately 
the size of a red blood eell (see Figure 29.4d). The nucleus 
stains dark blue to purple, is generally spherieal or slightly 
indented, and accounts for most of the eell mass. Sparse 
eytoplasm appears as a thin blue rim around the nucleus. 
Concerned with immunological responses in the body; one 
population, the B lymphoeytes, gives rise to plasma eells that 
produce antibodies released to blood. The seeond population, 
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T lymphoeytes, plays a regulatory role and destroys grafts, 
tumors, and virus-infected eells. Represents 25% or more of 
the WBC population. 

Monoeyte: The largest of the leukocytes; approximately 
twice the size of red blood eells (see Figure 29.4e). Repre- 
sents 3% to 8% of the leukocyte population. Dark blue nu- 
cleus is generally kidney-shaped; abundant eytoplasm stains 
gray-blue. Onee in the tissues, monoeytes eonvert to maero- 
phages, which are aetive phagoeytes (the u long-term cleanup 
team”). They inerease dramatieally in number during ehronie 
infeetions such as tuberculosis. 

Students are often asked to list the leukocytes in order 
from the most abundant to the least abundant. The following 
silly phrase may help you with this task: Afever /et monkeys 
^at Aananas (neutrophils, lymphoeytes, monoeytes, eosino- 
phils, basophils). 

Platelets 

Platelets are eell fragments of large multinucleate eells 
(megakaryoeytes) formed in the bone marrow. They ap- 
pear as darkly staining, irregularly shaped bodies interspersed 
among the blood eells (see Figure 29.3). The normal platelet 
count in blood ranges from 150,000 to 400,000 per cubic mil- 
limeter. Platelets are instmmental in the elotting proeess that 
occurs in plasma when blood vessels are ruptured. 

After you have identified these eell types on your slide, 
observe eharts and three-dimensional models of blood eells if 
these are available. Do not dispose of your slide, as you will 
use it later for the differential white blood eell count. H 

Hematologie Tests 

When someone enters a hospital as a patient, several hema- 
tologie tests are routinely done to determine general level of 
health as well as the presenee of pathologie eonditions. You will 
be conducting the most eommon of these tests in this exercise. 

| Materials such as eotton balls, laneets, and aleohol 

* swabs are used in nearly all of the following diagnostie 
tests. These supplies are at the general supply area and should 
be properly disposed of (glassware to the bleaeh bucket, lan- 
eets in a designated disposal eontainer, and disposable items 
to the autoclave bag) immediately after use. 

Other neeessary supplies and equipment are at speeifie 
supply areas marked aeeording to the test with which they 
are used. Sinee nearly all of the tests require a finger stab, if 
you will be using your own blood it might be wise to quickly 
read through the tests to determine in which instanees more 
than one preparation ean be done from the same finger stab. 
A little planning will save you the diseomfort of a multiple- 
punctured finger. 

An alternative to using blood obtained from the finger 
stab technique is using heparinized blood samples supplied 
by your instmetor. The purpose of using heparinized tubes 
is to prevent the blood from elotting. Thus blood eolleeted 
and stored in such tubes will be suitable for all tests except 
coagulation time testing. 

Total White and Red Blood Cell Counts 

A total WBC count or total RBC count determines the total 
number of that eell type per unit volume of blood. Total WBC 


and RBC counts are a routine part of any physieal exam. 
Most elinieal ageneies use computers to conduct these counts. 
Sinee the hand counting technique typieally done in eollege 
labs is rather outdated, total RBC and WBC counts will not 
be done here, but the importanee of such counts (both normal 
and abnormal values) is briefly deseribed below. 


Total White Blood Cell Count 

Sinee white blood eells are an important part of the body’s 
defense system, it is essential to note any abnormalities in 
them. 

Leukocytosis, an abnormally high WBC count, 
may indieate baeterial or viral infeetion, meta- 
bolie disease, hemorrhage, or poisoning by dmgs or ehem- 
ieals. A deerease in the white eell number below 4000/mm 3 
(leukopenia) may indieate typhoid fever, measles, infee- 
tious hepatitis or eirrhosis, tuberculosis, or excessive 
antibiotie or X-ray therapy. A person with leukopenia laeks 
the usual proteetive meehanisms. Leukemia, a malignant 
disorder of the lymphoid tissues eharaeterized by uncon- 
trolled proliferation of abnormal WBCs aeeompanied by a 
reduction in the number of RBCs and platelets, is deteet- 
able not only by a total WBC count but also by a differen- 
tial WBC count. + 


Total Red Blood Cell Count 

Sinee RBCs are absolutely neeessary for oxygen transport, 
a doetor typieally investigates any excessive ehange in their 
number immediately. 

An inerease in the number of RBCs (polyeythe- 


mia) may result from bone marrow eaneer or from 
living at high altitudes where less oxygen is available. A 
deerease in the number of RBCs results in anemia. The term 
anemia simply indieates a deereased oxygen-carrying eapae- 
ity of blood that may result from a deerease in RBC number 
or size or a deereased hemoglobin eontent of the RBCs. A 
deerease in RBCs may result suddenly from hemorrhage or 
more gradually from eonditions that destroy RBCs or hinder 
RBC production. + 


Differential White Blood Cell Count 

To make a differential white blood eell count, 100 WBCs 
are counted and elassified aeeording to type. Such a count is 
routine in a physieal examination and in diagnosing illness, 
sinee any abnormality or signifieant elevation in pereent- 
ages ofWBC types may indieate a problem or the source of 
pathology. 


AOTIVITY 3 


Conducting a Differential WBC Count 

1. Use the slide prepared for the identifieation of the blood 
eells in Aetivity 2. Begin at the edge of the smear and move 
the slide in a systematie manner on the mieroseope stage— 
either up and down or from side to side (as indieated in 

Figure 29.5). 

2. Reeord eaeh type of white blood eell you observe by mak- 
ing a count in the first blank column of the Aetivity 3 ehart 
(for example, ìttl II = 7 eells) until you have observed and 
reeorded a total of 100 WBCs. Using the following equation, 
compute the pereentage of eaeh WBC type counted, and 
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Figure 29.5 Alternative methods of moving the slide for 
a differential WBC count. 


4. How does your differential white blood eell count eom- 
pare to the pereentages given in the earlier Leukocytes text 
seetion? 



Hematoerit 

The hematoerit, or paeked eell volume (PCV), is routinely 
determined when anemia is suspected. Centrifuging whole 
blood spins the formed elements to the bottom of the tube, 
with plasma forming the top layer (see Figure 29.1). Sinee the 
blood eell population is primarily RBCs, the PCV is generally 
eonsidered equivalent to the RBC volume, and this is the only 
value reported. However, the relative pereentage of WBCs 
ean be differentiated, and both WBC and plasma volume will 
be reported here. Normal hematoerit values for the male and 
female, respeetively, are 47.0 ± 7 and 42.0 ± 5. 


reeord the pereentages on the Hematologie Test Data Sheet 
on the last page of the exercise, preeeding the Review Sheet. 

# observed 

Pereent (%) = - X 100 

Total # counted (100) 

3. Seleet a slide marked “Unknown sample,” reeord the 
slide number, and use the count ehart below to conduct a 
differential count. Reeord the pereentages on the data sheet 
(page 436). 

How does the differential count from the unknown sample 
slide eompare to the normal pereentages given for eaeh type 
in the earlier Leukocytes text seetion (pages 428-429)? 


Aetivity 3: Count of 100 WBCs 


Number observed 

Cell type 

Student blood 
smear 

Unknown 
sample # 

Neiitrophils 



Eosinophils 



Basophils 



Lymphoeytes 



Monoeytes 




Using the text and other referenees, try to determine the blood 
pathology on the unknown slide. Defend your answer. 


A C T I V I T Y 4 


Determining the Hematoerit 

The hematoerit is determined by the mieromethod, so only a 
drop of blood is needed. If possible (and the centrifuge allows), 
all members of the elass should prepare their eapillary tubes at 
the same time so the centrifuge ean be run only onee. 

1. Obtain two heparinized eapillary tubes, eapillary tube 
sealer or modeling elay, a laneet, aleohol swabs, and some 
eotton balls. 

2. If you are using your own blood, eleanse a finger, and 
allow the blood to flow freely. Wipe away the first few drops 
and, holding the red-line-marked end of the eapillary tube to 
the blood drop, allow the tube to fill at least three-fourths full 
by eapillary aetion (Figure 29.6a). If the blood is not flow- 
ing freely, the end of the eapillary tube will not be eompletely 
submerged in the blood during filling, air will enter, and you 
will have to prepare another sample. 

If you are using instmetor-provided blood, simply 
immerse the red-marked end of the eapillary tube in the blood 
sample and fill it three-quarters full as just deseribed. 

3. Plug the blood-eontaining end by pressing it into the eap- 
illary tube sealer or elay (Figure 29.6b). Prepare a seeond tube 
in the same manner. 

4. Plaee the prepared tubes opposite one another in the 
radial grooves of the mierohematoerit centrifuge with the 
sealed ends abutting the mbber gasket at the centrifuge 
periphery (Figure 29.6c). This loading procedure balanees 
the centrifuge and prevents blood from spraying every- 
where by centrifugal foree. Make a note of the niimbers of 
the grooves your tubes are in. When all the tubes have been 
loaded, make sure the centrifuge is properly balaneed, and 
secure the centrifuge eover. Turn the centrifuge on, and set 
the timer for 4 or 5 minutes. 

5. Determine the pereentage of RBCs, WBCs, and plasma 
by using the mierohematoerit reader. The RBCs are the 
bottom layer, the plasma is the top layer, and the WBCs are 
the buff-colored layer between the two. If the reader is not 
available, use a millimeter mler to measure the length of the 
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(c) 

Figure 29.6 Steps in a hematoerit determination. 

(a) Load a heparinized eapillary tube with blood. 

(b) Plug the blood-eontaining end of the tube with 
elay. (e) Plaee the tube in a mierohematoerit centrifuge. 
(Centrifuge must be balaneed.) 


filled eapillary tube occupied by eaeh element, and compute 
its pereentage by using the following formula: 


Height of the column eomposed of the element (mm) 

--------X 100 

Height of the original column of whole blood (mm) 

Reeord your calculations below and on the data sheet 
(page 436). 



(b) 


% RBC_% WBC_% plasma_ 

Usually WBCs constitute 1% of the total blood volume. How 
do your blood values eompare to this figure and to the normal 
pereentages for RBCs and plasma? (See Figure 29.1.) 


As a rule, a hematoerit is eonsidered a more accurate test than 
the total RBC count for determining the RBC eomposition of 
the blood. A hematoerit within the normal range generally 
indieates a normal RBC number, whereas an abnormally high 
or low hematoerit is cause for eoneern. H 

Hemoglobin Concentration 

As noted earlier, a person ean be anemie even with a nor- 
mal RBC count. Sinee hemoglobin (Hb) is the RBC protein 
responsible for oxygen transport, perhaps the most accurate 
way of measuring the oxygen-carrying eapaeity of the blood 
is to determine its hemoglobin eontent. Oxygen, which eom- 
bines reversibly with the heme (iron-eontaining portion) of 
the hemoglobin molecule, is pieked up by the blood eells in 
the lungs and unloaded in the tissues. Thus, the more hemo- 
globin molecules the RBCs eontain, the more oxygen they 
will be able to transport. Normal blood eontains 12 to 18 g 
of hemoglobin per 100 ml of blood. Hemoglobin eontent in 
men is slightly higher (13 to 18 g) than in women (12 to 16 g). 


A C T I V I T Y 5 


Determining Hemoglobin Concentration 

Several techniques have been developed to estimate the 
hemoglobin eontent of blood, ranging from the old, rather 
inaccurate Tallquist method to expensive eolorimeters, 
which are preeisely ealibrated and yield highly accurate 
results. Direetions for both the Tallquist method and a 
hemoglobinometer are provided here. 
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Exercise 29 



(a) A drop of blood is added to the moat plate of the blood 
ehamber. The blood must flow freely. 



(b) The blood sample is hemolyzed with a wooden hemolysis 
applieator. Complete hemolysis requires 35 to 45 seeonds. 





(e) The eharged blood ehamber is inserted into the slot on 
the side of the hemoglobinometer. 


(d) The eolors of the green split sereen are found by moving 
the slide with the right index finger. When the two eolors mateh 
in density, the grams/100 ml and % Hb are read on the seale. 


Figure 29.7 Hemoglobin determination using a hemoglobinometer. 


f Tallquist Method 

1. Obtain a Tallquist hemoglobin seale, test paper, laneets, 
aleohol swabs, and eotton balls. 

2. Use instmetor-provided blood or prepare the finger as 
previously deseribed. (For best results, make sure the aleohol 
evaporates before puncturing your finger.) Plaee one good- 
sized drop of blood on the speeial absorbent paper provided 
with the eolor seale. The blood stain should be larger than the 
holes on the eolor seale. 

3. As soon as the blood has dried and loses its glossy appear- 
anee, mateh its eolor, under natural light, with the eolor stan- 
dards by moving the speeimen under the eomparison seale so 
that the blood stain appears at all the various apertures. (The 
blood should not be allowed to dry to a brown eolor, as this 
will result in an inaccurate reading.) Because the eolors on the 
seale represent 1% variations in hemoglobin eontent, it may 
be neeessary to estimate the pereentage if the eolor of your 
blood sample is intermediate between two eolor standards. 


4. On the data sheet (page 436) reeord your results as the 
pereentage of hemoglobin eoneentration and as grams per 
100 ml of blood. 

Hemoglobinometer Determination 

1. Obtain a hemoglobinometer, hemolysis applieator, aleohol 
swab, and lens paper, and bring them to your beneh. Test the 
hemoglobinometer light source to make sure it is working; if 
not, request new batteries before proeeeding and test it again. 

2. Remove the blood ehamber from the slot in the side of 
the hemoglobinometer and disassemble the blood ehamber by 
separating the glass plates from the metal elip. Notiee as you 
do this that the larger glass plate has an H-shaped depression 
cut into it that aets as a moat to hold the blood, whereas the 
smaller glass pieee is flat and serves as a eoverslip. 

3. Clean the glass plates with an aleohol swab, and then 
wipe them dry with lens paper. Hold the plates by their sides 
to prevent smearing during the wiping proeess. 





Blood 


4. Reassemble the blood ehamber (remember: larger glass 
pieee on the bottom with the moat up), but leave the moat 
plate about halfway out to provide adequate exposed surface 
to eharge it with blood. 

5. Obtain a drop of blood (from the provided sample or from 
your fingertip as before), and plaee it on the depressed area of 
the moat plate that is elosest to you (Figure 29.7a). 

6. Using the wooden hemolysis applieator, stir or agitate the 
blood to rupture (lyse) the RBCs (Figure 29.7b). This usu- 
ally takes 35 to 45 seeonds. Hemolysis is eomplete when the 
blood appears transparent rather than cloudy. 

7. Push the blood-eontaining glass plate all the way into the 
metal elip and then firmly insert the eharged blood ehamber 
baek into the slot on the side of the instmment (Figure 29.7c). 

8. Hold the hemoglobinometer in your left hand with your 
left thumb resting on the light switch loeated on the underside 
of the instmment. Look into the eyepieee and notiee that there 
is a green area divided into two halves (a split field). 

9. With the index finger of your right hand, slowly move the 
slide on the right side of the hemoglobinometer baek and forth 
until the two halves of the green field mateh (Figure 29.7d). 

10. Note and reeord on the data sheet (page 436) the grams 
of Hb (hemoglobin)/100 ml of blood indieated on the upper- 
most seale by the index mark on the slide. Also reeord % Hb, 
indieated by one of the lower seales. 

11. Disassemble the blood ehamber onee again, and eare- 
fully plaee its parts (glass plates and elip) into a bleaeh- 
eontaining beaker. 

Generally speaking, the relationship between the PCV 
and grams of hemoglobin per 100 ml of blood is 3:1—for 
example, a PCV of 36 with 12 g of Hb per 100 ml of blood is 
a ratio of 3:1. How do your values eompare? 


Reeord on the data sheet (page 436) the value obtained from 
your data. M 

Bleeding Time 

Normally a sharp priek of the finger or earlobe results in 
bleeding that lasts from 2 to 7 minutes (Ivy method) or 
0 to 5 minutes (Duke method), although other faetors such 
as altitude affeet the time. How long the bleeding lasts is 
referred to as bleeding time and tests the ability of platelets 
to stop bleeding in eapillaries and small vessels. Absenee 
of some elotting faetors may affeet bleeding time, but pro- 
longed bleeding time is most often assoeiated with defieient 
or abnormal platelets. 

Coagulation Time 

Blood elotting, or coagulation, is a proteetive meehanism 
that minimizes blood loss when blood vessels are rup- 
tured. This proeess requires the interaetion of many sub- 
stanees normally present in the plasma (elotting faetors, or 
procoagulants) as well as some released by platelets and 
injured tissues. Basieally hemostasis proeeeds as follows 
(Figure 29.8a): The injured tissues and platelets release 
tissue faetor (TF) and PF 3 respeetively, which trigger 
the elotting meehanism, or easeade. Tissue faetor and PF 3 


lnjury to lining of 
vessel exposes eollagen 
fibers; platelets adhere 


Platelet 
plug forms 


Fibrin elot 
with trapped 
red blood eells 





Collagen 

fibers 


Platelets 



Fibrin 



Platelets release ehemieals 


that make nearby platelets stieky 


PF 3 from 
platelets and 
tissue faetor 
from damaged 
tissue eells 


+ 


Calcium 
and other 
elotting 
faetors 
in blood 
plasma 



Coagulation 


Formation of 

prothrombin 

aetivator 



Prothrombin 



(D 



Thrombin 


Fibrin 

(insoluble) 




(a) 




Figure 29.8 Events of hemostasis and blood elotting. 

(a) Simple sehematie of events. Steps numbered 1-3 
represent the major events of coagulation. 

(b) Photomierograph of RBCs trapped in a fibrin 
mesh (2700x). 
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Exercise 29 


Table 29.2 


ABO Blood Typing 


ABO blood type 


Antigens present on 
RBC membranes 


Antibodies present 
in plasma 


% of U.S. population 


White 


Blaek 


Asian 


A 

A 

Anti-B 

40 

27 

28 

B 

B 

Anti-A 

11 

20 

27 

AB 

A and B 

None 

4 

4 

5 

0 

Neither 

Anti-A and anti-B 

45 

49 

40 


interaet with other blood protein elotting faetors and calcium 
ions to form prothrombin aetivator, which in turn eonverts 
prothrombin (present in plasma) to thrombin. Thrombin 
then aets enzymatieally to polymerize the soluble fibrino- 
gen proteins (present in plasma) into insoluble fíbrin, which 
forms a meshwork of strands that traps the RBCs and forms 
the basis of the elot (Figure 29.8b). Normally, blood removed 
from the body elots within 2 to 6 minutes. 


AOTIVITY 6 


Determining Coagulation Time 

1. Obtain a nonheparinized eapillary tube, a timer (or watch), 
a laneet, eotton balls, a triangular file, and aleohol swabs. 

2. Clean and priek the finger to produce a free flow of blood. 
Diseard the laneet in the disposal eontainer. 

3. Plaee one end of the eapillary tube in the blood drop, and 
hold the opposite end at a lower level to eolleet the sample. 

4. Lay the eapillary tube on a paper towel. 

Reeord the time._ 

5. At 30-seeond intervals, make a small niek on the tube 
elose to one end with the triangular file, and then carefully 
break the tube. Slowly separate the ends to see if a gel-like 
thread of fibrin spans the gap. When this occurs, reeord below 
and on the data sheet (page 436) the time for coagulation to 
occur. Are your results within the normal time range? 


6. Put used supplies in the autoclave bag and broken eapil- 
lary tubes into the sharps eontainer. fli 

Blood Typing 

Blood typing is a system of blood elassifieation based on the 
presenee of speeifie glyeoproteins on the outer surface of 
the RBC plasma membrane. Such proteins are ealled anti- 
gens, or agglutinogens, and are genetieally determined. In 
many eases, these antigens are aeeompanied by plasma pro- 
teins, ealled antibodies or agglntinins, that reaet with RBCs 
bearing different antigens, causing them to be elmnped, 
agglutinated, and eventually hemolyzed. It is because of this 
phenomenon that a person’s blood must be carefully typed 
before a whole blood or paeked eell transfusion. 

Several blood typing systems exist, based on the vari- 
ous possible antigens, but the faetors routinely typed for are 


antigens of the ABO and Rh blood groups which are most 
eommonly involved in transfusion reaetions. Other blood fae- 
tors, such as Kell, Lewis, M, and N, are not routinely typed for 
unless the individual will require multiple transfusions. (The 
basis of the ABO typing is shown in Table 29.2.) 

Individuals whose red blood eells earry the Rh antigen 
are Rh positive (approximately 85% of the U.S. population); 
those laeking the antigen are Rh negative. Unlike ABO blood 
groups, the blood of neither Rh-positive (Rh + ) nor Rh-negative 
(Rh ) individuals earries preformed anti-Rh antibodies. This 
is understandable in the ease of the Rh-positive individual. 
However, Rh-negative persons who reeeive transfusions of 
Rh-positive blood beeome sensitized by the Rh antigens of 
the donor RBCs, and their systems begin to produce anti-Rh 
antibodies. On subsequent exposures to Rh-positive blood, 
typieal transfusion reaetions occur, resulting in the clumping 
and hemolysis of the donor blood eells. 

Although the blood of dogs and other mammals does reaet 
with some of the human agglutinins (present in the antisera), 
the reaetion is not as pronounced and varies with the animal 
blood used. For this reason, the most accurate and predietable 
blood typing results are obtained with human blood. The artifi- 
eial blood kit does not use any body flmds and produces results 
similar to but not identieal to results for human blood. 


A C T I V I T Y 7 


Typing for ABO and Rh Blood Groups 

Blood may be typed on glass slides or using blood test eards. 
Eaeh method is deseribed in this aetivity. 

Typing Blood Using Glass Slides 

1. Obtain two elean mieroseope slides, a wax marking peneil, 
anti-A, anti-B, and anti-Rh typing sera, toothpieks, laneets, 
aleohol swabs, medieine dropper, and the Rh typing box. 

2. Divide slide 1 into halves with the wax marking peneil. 
Label the lower left-hand eorner “anti-A” and the lower right- 
hand eorner “anti-B.” Mark the bottom of slide 2 “anti-Rh.” 

3. Plaee one drop of anti-A semrn on the left side of slide 1. 
Plaee one drop of anti-B semrn on the right side of slide 1. 
Plaee one drop of anti-Rh semm in the eenter of slide 2. 

4. If you are using your own blood, eleanse your finger with 
an aleohol swab, pieree the finger with a laneet, and wipe 
away the first drop of blood. Obtain 3 drops of freely flowing 
blood, plaeing one drop on eaeh side of slide 1 and a drop 
on slide 2. Immediately dispose of the laneet in a designated 
disposal eontainer. 
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Blood being tested 


Type AB (eontains 
antigens A and B) 


Serum 


Anti-A 


Anti-B 



Type B (eontains 
antigen B) 



Type A (eontains 
antigen A) 



Type O (eontains 
no antigen) 



Figure 29.9 Blood typing of ABO blood types. When 
serum eontaining anti-A or anti-B antibodies (agglutinins) 
is added to a blood sample, agglutination will occur 
between the antibody and the eorresponding antigen 
(agglutinogen A or B). As iIlustrated, agglutination occurs 
with both sera in blood group AB, with anti-B serum in 
blood group B # with anti-A serum in blood group A, and 
with neither serum ín blood group O. 


If using instmetor-provided animal blood or EDTA- 
treated red eells, use a medieine dropper to plaee one drop of 
blood on eaeh side of slide 1 and a drop of blood on slide 2. 

▲ 5. Quickly mix eaeh blood-antisemm sample with a 

fresh toothpiek. Then dispose of the toothpieks and 
used aleohol swab in the autoclave bag. 

6. Plaee slide 2 on the Rh typing box and roek gently baek 
and forth. (A slightly higher temperature is required for pre- 
eise Rh typing than for ABO typing.) 

7. After 2 minutes, observe all three blood samples for 
evidenee of clumping. The agglutination that occurs in the 
positive test for the Rh faetor is very fine and difficult to 
pereeive; thus if there is any question, observe the slide under 
the mieroseope. Reeord your observations in the Aetivity 7: 
Blood Typing ehart. 

8. Interpret your ABO results (see the examples of eaeh 
type) in Figure 29.9. If clumping was observed on slide 2, 
you are Rh positive. If not, you are Rh negative. 

9. Reeord your blood type on the data sheet (page 436). 

10. Put the used slides in the bleaeh-eontaining bucket at 
the general supply area; put disposable supplies in the auto- 
elave bag. 


Aetivity 7: Blood Typing 


Result 

Observed 

(+) 

Not 

observed (-) 

Presenee of clumping 
with anti-A 



Presenee of clumping 
with anti-B 



Presenee of clumping 
with anti-Rh 




Using Blood Typing Cards 

1. Obtain a blood typing eard marked A, B, and Rh, dropper 
bottles of anti-A semm, anti-B semm, and anti-Rh semm, 
toothpieks, laneets, and aleohol swabs. 

2. Plaee a drop of anti-A semm in the spot marked anti-A, 
plaee a drop of anti-B semm on the spot marked anti-B, and 
plaee a drop of anti-Rh semm on the spot marked anti-Rh 
(or anti-D). 

3. Carefully add a drop of blood to eaeh of the spots marked 
“Blood” on the eard. If you are using your own blood, refer 
to step 4 in the Aetivity 7 seetion Typing Blood Using Glass 
Slides. Immediately diseard the laneet in the designated dis- 
posal eontainer. 

4. Using a new toothpiek for eaeh test, mix the blood sample 
with the antibody. Dispose of the toothpieks appropriately. 

5. Gently roek the eard to allow the blood and antibodies 
to mix. 

6. After 2 minutes, observe the eard for evidenee of clump- 
ing. The Rh clumping is very fine and may be difficult to 
observe. Reeord your observations in the Aetivity 7: Blood 
Typing ehart. (Use Figure 29.9 to interpret your results.) 

7. Reeord your blood type on the data sheet (page 436), and 
diseard the eard in an autoclave bag. wm 


A C T I V I T Y 8 


Observing Demonstration Slides 

Before continuing on to the eholesterol determination, take 
the time to look at the slides of maeroeytie hypoehromie 
anemia, mieroeytie hypoehromie anemia, siekle eell anemia, 
lymphoeytie leukemia (ehronie), and eosinophilia that have 
been put on demonstration by your instmetor. Reeord your 
observations in the appropriate seetion of the Review Sheet. 
You ean refer to your notes, the text, and other referenees 
later to respond to questions about the blood pathologies 
represented on the slides. M 

eholesterol Concentration in Plasma 

Atheroselerosis is the disease proeess in which the body’s 
blood vessels beeome inereasingly occluded, or bloeked, 
by plaques. By narrowing the arteries, the plaques ean 
contribute to hypertensive heart disease. They also serve as 
starting points for the formation of blood elots (thrombi), 
which may break away and bloek smaller vessels farther 
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Exercise 29 


Hematologie Test Data Sheet 


Differential WBC count: 

Student 

WBC blood smear 

% neutrophils _ 

% eosinophils _ 

% basophils _ 

% lymphoeytes _ 

% monoeytes _ 

Hematoerit (PCV): 

RBC_% of blood volume 

WBC_% of blood volume 

Plasma % of blood 


Unknown 
sample #_ 


Hemoglobin (Hb) eontent: 

Tallquist method:_g/100 ml of blood;_% Hb 

Hemoglobinometer (type: 
_) 

_g/100 ml of blood;_%Hb 

Ratio (PCV to grams of Hb per 100 ml of blood): 


not generally 
reported 


Coagulation time:_ 

Blood typing: 

ABO group_Rh faetor_ 

eholesterol eoneentration: _mg/dl of blood 


downstream in the circulatory pathway and cause heart 
attaeks or strokes. 

Ever sinee medieal elinieians diseovered that eholesterol 
is a major eomponent of the smooth muscle plaques formed 
during atheroselerosis, it has had a bad press. Today, virtually 
no physieal examination of an adult is eonsidered eomplete 
until eholesterol levels are assessed along with other lifestyle 
risk faetors. A normal value for plasma eholesterol in adults 
ranges from 130 to 200 mg per 100 ml of plasma; you will use 
blood to make such a determination. 

Although the total plasma eholesterol eoneentration is 
valuable information, it may be misleading, particularly if 
a person’s high-density lipoprotein (HDL) level is high and 
low-density lipoprotein (LDL) level is relatively low. Cho- 
lesterol, being water insoluble, is transported in the blood 
complexed to lipoproteins. In general, eholesterol bound into 
HDLs is destined to be degraded by the liver and then elimi- 
nated from the body, whereas that forming part of the LDLs 
is “traveling” to the body’s tissue eells. When LDL levels are 
excessive, eholesterol is deposited in the blood vessel walls; 
henee, LDLs are eonsidered to earry the “bad” eholesterol. 


A C T I V I T Y 9 


Measuring Plasma diolesterol 
Concentration 

1. Go to the appropriate supply area, and obtain a eholesterol 
test eard and eolor seale, laneet, and aleohol swab. 

2. Clean your fingertip with the aleohol swab, allow it to 
dry, then priek it with a laneet. Plaee a drop of blood on the 
test area of the eard. Put the laneet in the designated disposal 
eontainer. 

3. After 3 minutes, remove the blood sample strip from the 
eard and diseard in the autoclave bag. 

4. Analyze the underlying test spot, using the included 
eolor seale. Reeord the eholesterol level below and on the 

Hematologie Test Data Sheet. 

Cholesterol level_mg/dl 

▲ 5. Before leaving the laboratory, use the spray bottle 

of bleaeh solution and saturate a paper towel to thor- 
oughly wash down your laboratory beneh. H 
































Name 


Lab Time/Date 



B ood 


h 


Composition of Blood 



1. What is the blood volume of an average-size adult male? 


liters An average adult female? 


liters 




2. What determines whether blood is bright red or a dull briek-red? 



3. Use the key to identify the eell type(s) or blood elements that fit the following deseriptive statements. Some terms will 


be used more than onee. 


Key: a. red blood eell 

b. megakaryoeyte 
e. eosinophil 


d. basophil 

e. monoeyte 

f. neutrophil 


1. most numerous leukocyte 


, and 


2. granulocytes (3) 



g. lymphoeyte 

h. formed elements 

i. plasma 


> 



3. also ealled an erythroeyte; anucleate formed element 


4. aetively phagoeytie leukocytes 


_5. agraniiloeytes 

6. precursor eell of platelets 

7. (a) through (g) are all examples of these 

8. number rises during parasite infeetions 

9. releases histamine; promotes inflammation 

10. many formed in lymphoid tissue 

11. transports oxygen 

12. primarily water, noncellular; the fluid matrix of blood 

13. inereases in number during prolonged infeetions 


14. the five types of white blood eells 
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4. List four elasses of nutrients normally found in plasma_ 

_,_,and_ 

Name two gases._and_ 

Name three ions._,_, and_ 

5. Deseribe the eonsisteney and eolor of the plasma you observed in the laboratory_ 

6. What is the average life span of a red blood eell? How does its anucleate eondition affeet this life span? 


7. From memory, deseribe the structural eharaeteristies of eaeh of the following blood eell types as accurately as possible, and 
note the pereentage of eaeh in the total white blood eell population. 

eosinophils:_ 


neutrophils: 


lymphoeytes: 


basophils: 


monoeytes:_ 

8. Correctly identify the blood pathologies deseribed in column A by matehing 

Column A 

_1. abnormal inerease in the number of WBCs 

_2. abnormal inerease in the mimber of RBCs 

_3. eondition of too few RBCs or of RBCs with 

hemoglobin defieieneies 

4. abnormal deerease in the number of WBCs 


them with seleetions from column B: 
Column B 

a. anemia 

b. leukocytosis 
e. leukopenia 

d. polyeythemia 
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Hematologie Tests 

9. Broadly speaking, why are hematologie studies of blood so important in the diagnosis of disease? 


10. In the ehart below, reeord information from the blood tests you read about or conducted. Complete the ehart by reeording 
values for healthy male adults and indieating the signifieanee of high or low values for eaeh test. 


Test 

Student 
test results 

Normal values 
(healthy male adults) 

Signifieanee 

High values 

Low values 

Total WBC count 

No data 




Total RBC count 

No data 




Hematoerit 





Hemoglobin determination 





Bleeding time 

No data 




Coagulation time 






11. Why is a differential WBC count more valuable than a total WBC count when trying to pin down the speeifie source of 
pathology?_ 


12. What name is given to the proeess of RBC production?_ 

What hormone aets as a stimulus for this proeess?_ 

Why might patients with kidney disease suffer from anemia? 


How ean such patients be treated?_ 

13. Discuss the effeet of eaeh of the following faetors on RBC count. Consult an appropriate referenee as neeessary, and explain 
your reasoning. 

long-term effeet of athletie training (for example, mnning 4 to 5 miles per day over a period of six to nine months): 
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a permanent move from sea level to a high-altitude area: 


14. Define hematoerit. _ 

15. If you had a high hematoerit, would you expect your hemoglobin determination to be high or low? 

Why?_ 

16. What is an anticoagulant?_ 

Name two anticoagulants used in conducting the hematologie tests_ 

and_ 

What is the body’s natural anticoagulant?_ 

17. If your blood clumped with both anti-A and anti-B sera, your ABO blood type would be_ 

To what ABO blood groups could you give blood?_ 

From which ABO donor types could you reeeive blood?_ 

Which ABO blood type is most eommon?_Least eommon?_ 

18. What blood type is theoretieally eonsidered the universal donor?_Why?_ 


19. Assume the blood of two patients has been typed for ABO blood type. 


Typing results 
Mr. Adams: 



Blood drop and Blood drop and 

anti-A seriinn anti-B serum 


Typing results 
Mr. Oalhoon: 



Blood drop and Blood drop and 

anti-A serum anti-B serum 


On the basis of these results, Mr. Adams has type 


blood, and Mr. Oalhoon has type 


blood. 
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20. Explain why an Rh-negative person does not have a transfusion reaetion on the first exposure to Rh-positive blood but does 
have a reaetion on the seeond exposure_ 


What happens when an ABO blood type is mismatehed for the first time? 

21. Reeord your observations of the five demonstration slides viewed. 

a. Maeroeytie hypoehromie anemia:_ 

b. Mieroeytie hypoehromie anemia:_ 


e. Siekle eell anemia:_ 

d. Lymphoeytie leukemia (ehronie): 


e. Eosinophilia:_ 

Which of the slides above (a through e) eorresponds with the following eonditions? 

_ 1. iron-defieient diet 

_ 2. a type of bone marrow eaneer 

_ 3. genetie defeet that causes hemoglobin to beeome sharp/spiky 

_ 4. laek of vitamin B 12 

_ 5. a tapeworm infestation in the body 

_ 6. a bleeding ulcer 

Provide the normal, or at least “desirable,” range for plasma eholesterol eoneentration. 

_mg/100 ml 

Deseribe the relationship between high blood eholesterol levels and cardiovascular diseases such as hypertension, heart 
attaeks, and strokes. 


22 . 


23 . 
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Anatomy of the Heart 


MATERIALS 

□ X ray of the human thorax for 
observation of the position of the 
heart in situ; X-ray vievving box 

□ Three-dimensional heart model and 
torso model or laboratory ehart 
shovving heart anatomy 

□ Red and blue peneils 

□ Highlighter 

□ Three-dimensional models of eardiae 
and skeletal muscle 

□ Compound mieroseope 

□ Prepared slides of eardiae muscle (l.s.) 

□ Preserved or fresh sheep hearts, 
perieardial saes intaet (if possible) 

□ Disseeting instruments and tray 

□ Pointed glass rods or blunt probes 

□ Small plastie metrie rnlers 

□ Disposable gloves 

□ Container for disposal of organie 
debris 

□ Laboratory detergent 

□ Spray bottle with 10% household 
bleaeh solution 



For instructions on animal dissee- 
tions, see the disseetion exercises 
(starting on p. 697) in the eat and fetal pig 
editions of this manual. 


M 



MasteringA&P 89 For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 





OBJEGTIVES 



1 . 

2 . 

3. 


4. 

5. 


Deseribe the loeation of the heart. 

Name and deseribe the eovering and lining tissues of the heart. 

Name and loeate the major anatomieal areas and structures of the heart 
when provided with an appropriate model, image, or disseeted sheep 
heart, and deseribe the function of eaeh. 

Explain how the atrioventricular and semilunar valves operate. 

Distinguish between blood vessels earrying oxygen-rich blood and those 
earrying earbon dioxide-rich blood and deseribe the system used to eolor 
eode them in images. 




6. Explain why the heart is ealled a double pump, and eompare the pulmonary 
and systemie circuits. 

7. Traee the pathway of blood through the heart. 

8. Traee the functional blood supply of the heart and name the assoeiated 
blood vessels. 


9. Deseribe the histology of eardiae muscle, and state the importanee of its 
interealated dises and the spiral arrangement of its eells. 


PRE-LAB Q U I Z 

1. The heart is enelosed in a double-walled sae ealled the 

a. apex b. mediastinum e. pericardium d. thorax 

2. The heart is divided into_ehambers. 

a. two b. three e. four d. five 

3. What is the name of the two reeeiving ehambers of the heart? 


4. The left ventriele diseharges blood into the_, from which a11 

systemie arteries of the body diverge to supply the body tissues. 

a. aorta e. pulmonary vein 

b. pulmonary artery d. vena eava 

5. Circle True or False. Blood flows through the heart in one direetion—from 
the atria to the ventrieles. 

6. Circle the eorreet underlined term. The right atrioventricular valve, or 
tricuspid valve / mitral valve. prevents backflow into the right atrium when 
the right ventriele is eontraeting. 

7. Circle the eorreet underlined term. The heart serves as a double pump. The 
right / left side serves as the pulmonary circulation pump, shunting earbon 
dioxide-rich blood to the lungs. 

8. The blood vessels that supply blood to the heart itself are the 

a. aortas e. eoronary arteries 

b. earotid arteries d. pulmonary trunks 

9. Two mieroseopie features of eardiae eells that help distinguish them from 
other types of muscle eells are branehing of the eells and 

a. interealated dises e. sareolemma 

b. myosin fibers d. striations 

10. Circle the eorreet underlined term. In the heart, the left / right ventriele has 
thieker walls and a basieally circular eavity shape. 
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Exercise 30 


T he major function of the cardiovascular system is 

transportation. Using blood as the transport vehiele, 
the system earries oxygen, digested foods, eell wastes, 
eleetrolytes, and many other substances vital to the body’s 
homeostasis to and from the body eells. The system’s pro- 
pulsive foree is the eontraeting heart, which ean be eompared 
to a muscular pump equipped with one-way valves. As the 
heart eontraets, it forees blood into a elosed system of large 
and small plumbing tubes (blood vessels) within which the 
blood is eonfined and circulated. This exercise deals with the 
structure of the heart, or circulatory pump. (The anatomy of 
the blood vessels is eonsidered separately in Exercise 32.) 

Gross Anatomy 
of the Human Heart 

The heart, a eone-shaped organ approximately the size of a 
fist, is loeated within the mediastinum, or medial eavity, of the 
thorax. It is flanked laterally by the lungs, posteriorly by the 
vertebral column, and anteriorly by the stemum (Figure 30.1). 
Its more pointed apex extends slightly to the left and rests on 
the diaphragm, approximately at the level of the fifth intereostal 
spaee. Its broader base, from which the great vessels emerge, 
lies beneath the seeond rib and points toward the right shoulder. 
In situ, the right ventriele of the heart forms most of its anterior 
surface. 

The apieal pulse may be heard in the 5th intereostal spaee 
at the point of maximal intensity (PMI). 



Figure 30.1 Loeation of the heart in the thorax. PMI is 

the point of maximal intensity where the apieal pulse is 
heard. 


• If an X ray of a human thorax is available, verify the 
relationships deseribed above (otherwise, Figure 30.1 should 
suffice). 

The gross anatomy figure (Figure 30.2) shows three 
views of the heart—external anterior and posterior views and 

Figure 30.2 Gross anatomy of the human heart. 

(a) External anterior view. 
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Superior vena eava 


Right pulmonary artery 


Pulmonary trunk 

Right atrium 


Right pulmonary veins 
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(b) 
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Figure 30.2 ( continued) (b) Frontal seetion. (e) Exterior 
posterior vievv. 
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Exercise 30 


a frontal seetion. As its anatomieal areas are deseribed in the 
text, consult the figure. 

The heart is enelosed within a double-walled sae ealled 
the pericardium. The loose-fitting superficial part of the sae 
is the fibrous pericardium. Deep to it is the serous periear- 
dium, which lines the fibrous pericardium as the parietal 
layer. At the base of the heart, the parietal layer refleets baek 
to eover the external surface of the heart as the viseeral layer, 
or epicardium. The epicardium is an integral part of the heart 
wall. Serous fluid produced by these layers allows the heart to 
beat in a relatively frietionless environment. 

Inflammation of the pericardium, periearditis, causes 


painful adhesions between the serous perieardial 
layers. These adhesions interfere with heart movements. + 

The walls of the heart are eomposed primarily of eardiae 
muscle—the myoeardmm —which is reinforeed internally 
by a dense fibrous eonneetive tissue network. This network— 
the fibrous eardiae skeleton —is more elaborate and thieker in 
eertain areas, for example, around the valves and at the base 
of the great vessels leaving the heart. 


Heart ehambers 

The heart is divided into four ehambers: two superior atria 
(singular: atrium) and two inferior ventrieles, eaeh lined 
by thin serous endothelium ealled the endocardium. The 
septum that divides the heart longitudinally is referred to 
as the interatrial or interventricular septum, depending 
on which ehambers it partitions. Functionally, the atria 
are reeeiving ehambers and are relatively ineffeetive as 
pumps. Blood flows into the atria under low pressure from 
the veins of the body. The right atrium reeeives relatively 
oxygen-poor blood from the body via the superior and 
inferior venae eavae and the eoronary sinus. Four pulmo- 
nary veins deliver oxygen-rich blood from the lungs to the 
left atrium. 

The inferior thick-walled ventrieles, which form the bulk 
of the heart, are the diseharging ehambers. They foree blood 
out of the heart into the large arteries that emerge from its 
base. The right ventriele pumps blood into the pulmonary 
trunk, which routes blood to the lungs to be oxygenated. The 
left ventriele diseharges blood into the aorta, from which all 
systemie arteries of the body diverge to supply the body tis- 
sues. Discussions of the heart’s pumping aetion usually refer 
to ventricular aetivity. 

Heart Valves 

Four valves enforee a one-way blood flow through the 
heart ehambers. The atrioventricular (AV) valves, loeated 
between the atrial and ventricular ehambers on eaeh side, 
prevent backflow into the atria when the ventrieles are eon- 
traeting. The left atrioventricular valve, ealled the mitral or 
bicuspid valve, eonsists of two cusps, or flaps, of endoear- 
dium. The right atrioventricular valve, ealled the tricuspid 
valve, has three cusps (Figure 30.3). Tiny white eollagenie 
eords ealled the ehordae tendineae (literally, heart strings) 
anehor the cusps to the ventricular walls. The ehordae ten- 
dineae originate from small bundles of eardiae muscle, ealled 
papillary nmseles, that projeet from the myoeardial wall (see 
Figure 30.2b). 

When blood is flowing passively into the atria and then 
into the ventrieles during diastole (the period of ventricular 
filling), the AV valve flaps hang limply into the ventricular 


ehambers and then are earried passively toward the atria 
by the accumulating blood. The eontraetion of the ven- 
trieles, ealled systole, eompresses the blood in their eham- 
bers; the intraventricular blood pressure rises and causes the 
valve flaps to be refleeted superiorly, which eloses the AV 
valves. The ehordae tendineae, pulled taut by the eontraet- 
ing papillary muscles, anehor the flaps in a elosed position 
that prevents backflow into the atria during ventricular 
eontraetion. If unanchored, the flaps would blow upward 
into the atria like an umbrella being turned inside out by a 
strong wind. 

The seeond set of valves, the pidmonary and aortie 
(semilunar, SL) valves, eaeh made up of three poeketlike 
cusps, guards the bases of the two large arteries leaving 
the ventricular ehambers. The valve cusps are foreed open 
and flatten against the walls of the artery as the ventrieles 
diseharge their blood into the large arteries during systole. 
However, when the ventrieles relax, blood flows backward 
toward the heart and the cusps fill with blood, elosing the 
semihmar valves and preventing arterial blood from reenter- 
ing the heart. 


A C T I V I T Y 1 


Using the Heart Model 
to Study Heart Anatomy 

When you have loeated in the gross anatomy figure (Figure 
30.2) all the structures deseribed above, observe the human 
heart model and laboratory eharts and reidentify the same 
structures without referring to the figure. ■ 

Pulmonary f Systemie, 
and Cardiac Circulations 

Pulmonary and Systemie Circulations 

The heart functions as a double pump. The right side serves 
as the pulmonary circulation pump, shunting the earbon 
dioxide-rich blood entering its ehambers to the lungs to 
unload earbon dioxide and piek up oxygen, and then baek to 
the left side of the heart (Figure 30.4). The function of the 
pulmonary circuit is strietly to provide for gas exchange. The 
seeond circuit, which earries oxygen-rich blood from the left 
heart through the body tissues and baek to the right side of 
the heart, is ealled the systemie circulation. It provides the 
functional blood supply to all body tissues. 


A C T I V I T Y 2 


Traeing the Path of Blood 
Through the Heart 

Use eolored peneils to traee the pathway of a red blood eell 
through the heart by adding arrows to the frontal seetion 
diagram (Figure 30.2b). Use red arrows for the oxygen-rich 
blood and blue arrows for the earbon dioxide-rich blood. M 

Coronary Circulation 

Even though the heart ehambers are almost continually 
bathed with blood, this eontained blood does not nourish 
the myocardium. The functional blood supply of the heart 
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Pulmonary valve 
Aortie valve 

Area of cutaway 

Mitral valve 
Tricuspid valve 


Figure 30.3 Heart valves. (a) Superior view of the two 
sets of heart valves (atria removed). (b) Photograph of 
the heart valves # superior view. (e) Photograph of the 
tricuspid valve. This inferior-to-superior view shows the 
valve as seen from the right ventriele. (d) Frontal seetion 
of the heart. 
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is provided by the eoronary arteries (see Figure 30.2 and 
Figure 30.5). The right and left eoronary arteries issue 
from the base of the aorta just above the aortie semilunar 
valve and eneirele the heart in the eoronary sulcus at the 
junction of the atria and ventrieles. They then ramify over 
the heart’s surface, the right eoronary artery supplying the 


posterior surface of the ventrieles and the lateral aspeet of 
the right side of the heart, largely through its posterior inter- 
ventricular and right marginal artery branehes. The left 
eoronary artery supplies the anterior ventricular walls and 
the laterodorsal part of the left side of the heart via its two 
major branehes, the anterior interventricular artery (also 
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Exercise 30 
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(a) The major eoronary arteries 
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Great 
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Small eardiae vein 


Middle eardiae vein 


(b)The major eardiae veins 


Figure 30.4 The systemie and piilmonary circuits. 

The heart is a double pump that serves two circulations. 
The right side of the heart pumps blood through the 
pulmonary circuit to the lungs and baek to the left heart. 
(For simplieity the actual number of two pulmonary 
arteries and four pulmonary veins has been reduced to 
one eaeh.) The left side of the heart pumps blood via the 
systemie circuit to all body tissues and baek to the right 
heart. Notiee that blood flowing through the pulmonary 
circuit loses earbon dioxide (C0 2 ) and gains oxygen (0 2 ) 
as depieted by the eolor ehange from blue to red. Blood 
flowing through the systemie circuit loses oxygen and 
pieks up earbon dioxide (red to blue eolor ehange). 

ealled the left anterior deseending artery) and the circum- 
flex artery. The eoronary arteries and their branehes are 
eompressed during systole and fill when the heart is relaxed. 

The myocardium is largely drained by the great, middle, 
and small eardiae veins, which empty into the eoronary 


Figure 30.5 Coronary circulation. 

sinus. The eoronary sinus, in turn, empties into the right 
atrium. In addition, several anterior eardiae veins empty 
direetly into the right atrium (Figure 30.5). 


A C T I V I T Y 3 


Using the Heart Model to Stiidy 
Cardiac Circulation 

1. Obtain a highlighter and highlight all the eardiae 
blood vessels in the external gross anatomy illustrations 
(Figure 30.2a and e). Note how arteries and veins travel together. 

2. On a model of the heart, loeate all the eardiae blood vessels 
shown in the eoronary circulation illustration (Figure 30.5). 
Use your finger to traee the pathway of blood from the right 
eoronary artery to the lateral aspeet of the right side of the 
heart and baek to the right atrium. Name the arteries and 
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veins along the pathway. Traee the pathway of blood from 
the left eoronary artery to the anterior ventricular walls and 
baek to the right atrium. Name the arteries and veins along 
the pathway. Note that there are multiple different pathways 
to distribute blood to these parts of the heart. 

Mieroseopie Anatomy 
of Cardiac Muscle 

Cardiac muscle is found in only one plaee—the heart. The 
heart aets as a vascular pump, propelling blood to all tissues 
of the body; eardiae muscle is thus very important to life. Car- 
diae muscle is involuntary, ensuring a eonstant blood supply. 

The eardiae eells, erisserossed by eonneetive tissue fibers 
for strength, are arranged in spiral or figure-8-shaped bundles 
(Figure 30.6). When the heart eontraets, its internal eham- 
bers beeome smaller (or are temporarily obliterated), foreing 
the blood into the large arteries leaving the heart. 
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A C T I V I T Y 4 


Examining Cardiac Muscle 
Tissue Anatomy 

1. Observe the three-dimensional model of eardiae muscle, 
examining its branehing eells and the areas where the eells 
interdigitate, the interealated dises. These two structural 
features provide a continuity to eardiae muscle not seen in 
other muscle tissues and allow elose eoordination of heart 
aetivity. 

2. Compare the model of eardiae muscle to the model of 
skeletal muscle. Note the similarities and differenees between 
the two kinds of muscle tissue. 

3. Obtain and observe a longitudinal seetion of eardiae 
muscle under high power. Identify the nucleus, striations, 




Cardiac 

muscle 

bundles 


Figure 30.7 Photomierograph of eardiae muscle (665x). 


interealated dises, and sareolemma of the individual eells 
and then eompare your observations to the photomierograph 

(Figure 30.7). H 



DISSECTIOI\l: 

The Sheep Heart 

Disseetion of a sheep heart is valuable because it is similar 
in size and structure to the human heart. Also, a disseetion 
experience allows you to view structures in a way not pos- 
sible with models and diagrams. (Refer to Figure 30.8 as you 
proeeed with the disseetion.) 

1. Obtain a preserved sheep heart, a disseeting tray, dis- 
seeting instmments, a glass probe, a plastie rnler, and gloves. 
Rinse the sheep heart in eold water to remove excessive pre- 
servatives and to flush out any trapped blood elots. Now you 
are ready to make your observations. 

2. Observe the texture of the fibrous pericardium. Also, 
note its point of attaehment to the heart. Where is it attaehed? 


3. If the fibrous perieardial sae is still intaet, slit it open 
and cut it from its attaehments. Observe the slippery 
parietal pericardium that lines the sae and the viseeral 
pericardium (epicardium) that eovers the heart wall. Us- 
ing a sharp sealpel, carefully pull a little of the epicardium 
away from the myocardium. How do its position, thiekness, 
and apposition to the heart differ from those of the parietal 
pericardium? 


Fìgure 30.6 The circular and spiral arrangement of 
eardiae muscle bundles in the myocardium of the heart. 
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Exercise 30 
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Figure 30.8 Anatomy of the sheep heart. (a) Anterior view. 
Diagrammatie views at top; photographs at bottom. 


4. Examine the external surface of the heart. Notiee the 
accumulation of adipose tissue, which in many eases marks 
the separation of the ehambers and the loeation of the eoro- 
nary arteries that nourish the myocardium. Carefully serape 
away some of the fat with a sealpel to expose the eoronary 
blood vessels. 


(b) Posterior view. 


5. Identify the base and apex of the heart, and then identify 
the two wrinkled auricles, earlike flaps of tissue projeeting 
from the atrial ehambers. The balanee of the heart muscle 
is ventricular tissue. To identify the left ventriele, eompress 
the ventricular ehambers on eaeh side of the longitudinal fis- 
sures earrying the eoronary blood vessels. The side that feels 
thieker and more solid is the left ventriele. The right ventriele 
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feels much thinner and somewhat flabby when eompressed. 
This differenee refleets the greater demand plaeed on the left 
ventriele, which must pump blood through the much longer 
systemie circulation, a pathway with much higher resistanee 
than the pulmonary circulation served by the right ventriele. 
Hold the heart in its anatomieal position (Figure 30.8a), with 
the anterior surface uppermost. In this position the left ven- 
triele eomposes the entire apex and the left side of the heart. 

6. Identify the pulmonary trank and the aorta extending from 
the superior aspeet of the heart. The pulmonary trank is more 
anterior, and you may see its division into the right and left 
pulmonary arteries if it has not been cut too elosely to the heart. 
The thicker-walled aorta, which branehes almost immediately, 
is loeated just beneath the pulmonary trank. The first observ- 
able braneh of the sheep aorta, the braehioeephalie artery 
(trunk), is identifiable unless the aorta has been cut immedi- 
ately as it leaves the heart. The braehioeephalie artery splits to 
form the right earotid and subclavian arteries, which supply the 
right side of the head and right forelimb, respeetively. 

Gently pull on the aorta with your gloved fingers or for- 
eeps to streteh it. Repeat with the venae eavae. 

Which vessel is easier to streteh?_ 

How does the elastieity of eaeh vessel relate to its ability to 
withstand pressure? 


Carefully elear away some of the fat between the pul- 
monary trank and the aorta to expose the ligamentum arte- 
riosum, a eordlike remnant of the ductus arteriosus. (In the 
fetus, the ductus arteriosus allows blood to pass direetly from 
the pulmonary trank to the aorta, thus bypassing the nonfime- 
tional fetal lungs.) 


7. Cut through the wall of the aorta until you see the aortie 
(semilunar) valve. Identify the two openings to the eoronary 
arteries just above the valve. Insert a probe into one of these 
holes to see if you ean follow the course of a eoronary artery 
aeross the heart. 


8. Turn the heart to view its posterior surface (eompare it 
to the view in Figure 30.8b). Notiee that the right and left 
ventrieles appear equal-sized in this view. Try to identify the 
four thin-walled pulmonary veins entering the left atrium. 
Identify the superior and inferior venae eavae entering the 
right atrium. Because of the way the heart is trimmed, the 
pulmonary veins and superior vena eava may be very short or 
missing. If possible, eompare the approximate diameter of the 
superior vena eava with the diameter of the aorta. 


Which is larger? 


Which has thieker walls? 


Why do you suppose these differenees exist? 


9. Insert a probe into the superior vena eava, through the 
right atrium, and out the inferior vena eava. Use seissors to cut 
along the probe so that you ean view the interior of the right 
atrium. Observe the tricuspid valve. 

How many flaps does it have?_ 

Pour some water into the right atrium and allow it to flow into 
the ventriele. Slowly and gently squeeze the right ventriele 
to watch the elosing aetion of this valve. (If you squeeze too 
vigorously, you’ll get a faee full of water!) Drain the water 
from the heart before continuing. 

10. Return to the pulmonary trank and cut through its ante- 
rior wall until you ean see the pulmonary (semilunar) valve 
(Figure 30.9). Pour some water into the base of the pulmo- 
nary trank to observe the elosing aetion of this valve. How 
does its aetion differ from that of the tricuspid valve? 


After observing pulmonary valve aetion, drain the heart onee 
again. Extend the cut through the pulmonary trank into the 
right ventriele. Cut down, around, and up through the tricus- 
pid valve to make the cut continuous with the cut aeross the 
right atrium (see Figure 30.9). 

11. Refleet the cut edges of the superior vena eava, right 
atrium, and right ventriele to obtain the view seen in the dis- 
seetion photo (Figure 30.9). Observe the eomblike ridges of 
muscle throughout most of the right atrium. This is ealled 
peetinate muscle (peetin = eomb). Identify, on the ventral 
atrial wall, the large opening of the inferior vena eava and 
follow it to its external opening with a probe. Notiee that the 
atrial walls in the vieinity of the venae eavae are smooth and 
laek the roughened appearanee (peetinate musculature) of the 
other regions of the atrial walls. Just below the inferior vena 
eaval opening, identify the opening of the eoronary sinus, 
which returns venous blood of the eoronary circulation to 
the right atrium. Nearby, loeate an oval depression, the fossa 
ovalis, in the interatrial septum. This depression marks the 
site of an opening in the fetal heart, the foramen ovale, which 
allows blood to pass from the right to the left atrium, thus 
bypassing the fetal lungs. 

12. Identify the papillary muscles in the right ventriele, 
and follow their attaehed ehordae tendineae to the flaps of 
the tricuspid valve. Notiee the pitted and ridged appearanee 
(trabeculae earneae) of the inner ventricular muscle. 

13. Identify the moderator band (septomarginal band), a 
bundle of eardiae muscle fibers eonneeting the interventricular 
septum to anterior papillary muscles. It eontains a braneh of 
the atrioventricular bundle and helps eoordinate eontraetion of 
the ventriele. 

14. Make a longitudinal ineision through the left atrium and 
continue it into the left ventriele. Notiee how much thieker 
the myocardium of the left ventriele is than that of the right 
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Exercise 30 


Entranee 
of inferior 


vena eava 



ovalis 


Peg in 
opening of 

eoronary sinus 


Chordae 
tendineae 


Papillary 

muscle 


Heart 

apex 



Wall of 
right ventriele 
(refleeted) 


Cut surface of 
wall of right 
ventriele 


Flap of 

pulmonary 

valve 


Flap of 

tricuspid 

valve 


Fìgure 30.9 Right side of the sheep heart opened and refleeted to reveal 
internal structures. 


ventriele. Measure the thiekness of right and left ventricular 
walls in millimeters and reeord the numbers. 


How do your numbers eompare with those of your elassmates? 


Follow the pulmonary veins, if present, to the heart exterior 
with a probe. Notiee how thin-walled these vessels are. 

16. Dispose of the organie debris in the designated eontainer, 
elean the disseeting tray and instmments with detergent and 
water, and wash the lab beneh with bleaeh solution before 
leaving the laboratory. : *s 


Compare the shape of the left ventricular eavity to the shape 
of the right ventricular eavity. (See Figure 30.10.) 


Are the papillary muscles and ehordae tendineae observed in 

the right ventriele also present in the left ventriele?_ 

Count the number of cusps in the mitral valve. How does this 
eompare with the number seen in the tricuspid valve? 


How do the sheep valves eompare with their human 
counterparts? 


15. Refleet the cut edges of the atrial wall, and attempt to lo- 
eate the entry points of the pulmonary veins into the left atrium. 


Right 
ventriele 



lnterventricular 

septum 


Left 

ventriele 


Fígure 30.10 Anatomieal differenees betvveen the right 
and left ventrieles. The left ventriele has thieker walls # 
and its eavity is basieally circular. By eontrast, the right 
ventriele eavity is ereseent-shaped and wraps around the 
left ventriele. 










































Name 


Lab Time/Date 



Anatomy 




Heart 


Gross Anatomy of the Human Heart 


1. An anterior view of the heart is shown here. Mateh eaeh structure listed on the left with the eorreet letter in the figure 


1. right atrium 


2. right ventriele 


3. left atrium 


4. left ventriele 


5. superior vena eava 


6. inferior vena eava 


7. aseending aorta 


8. aortie areh 


9. braehioeephalie 
artery 


10. left eommon 
earotid artery 


11. left subclavian 
artery 


12. pulmonary trunk 
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13. right pulmonary 
artery 


14. left pulmonary 
artery 


15. ligamentum arte- 


nosum 


16. right pulmonary 


veins 


20. left eoronary artery 


17. left pulmonary 


veins 


18. right eoronary 
artery 


21. circumflex artery 


22. anterior interventricular artery 


23. apexofheart 


19. anterior eardiae 


vein 


24. great eardiae vein 
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Revievv Sheet 30 


2. What is the function of the fhiid that fills the perieardial sae? 


3. Mateh the terms in the key to the deseriptions provided below. Some terms are used more than onee 


loeation of the heart in the thorax 

Key: 

superior heart ehambers 

a. atria 

inferior heart ehambers 

b. eoronary arteries 

viseeral pericardium 

e. eoronary sinus 

reeeiving ehambers of the heart 

d. endocardium 

equals eardiae muscle 

e. epicardium 

provide nutrient blood to the heart muscle 

f. mediastinum 

lining of the heart ehambers 

g. myocardium 

actual U pumps” of the heart 

h. ventrieles 

drains blood into the right atrium 



4. What is the function of the valves found in the heart? 


5. What is the role of the ehordae tendineae? 


Pulmonary, Systemie, and Cardiac Circulations 


6. A simple sehematie of general circulation is shown below. What part of the circulation is missing from this diagram? 


Add to the diagram as best you ean to make it depiet a eomplete systemie/ 


pulmonary circulation. Label the systemie and pulmonary circulations. 




veins 
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7. Differentiate elearly between the roles of the pulmonary and systemie circulations. 


8. Complete the following seheme of circulation of a red blood eell in the human body. 


Right atrium through the tricuspid valve to the 


, through the 


valve to the pulmonary trnnk, to the 


, to the eapillary beds of the lungs, 


to the 


, to the 


of the heart, through the 


valve to the 


, through the 


valve to the 


, to the systemie arteries, to the 


of the tissues, to the systemie veins, to the 


, and 


entering the right atrium of the heart. 


9. If the mitral valve does not elose properly, which circulation is affeeted? 


10. Why might a thrombus (blood elot) in the anterior deseending braneh of the left eoronary artery cause sudden death? 


Mieroseopie Anatomy of Cardiac Muscle 

11. How would you distinguish the structure of eardiae muscle from that of skeletal muscle? 


12. Add the following terms to the photograph of eardiae muscle below. 

a. interealated dise b. nucleus of eardiae fiber e. striations 


d. eardiae muscle fiber 



Deseribe the unique anatomieal features of eardiae mus- 
ele. What role does the unique structure of eardiae muscle 
play in its function? 
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Disseetion of the Sheep Heart 


13. During the sheep heart disseetion, you were asked initially to identify the right and left ventrieles without cutting into the 
heart. During this procedure, what differenees did you observe between the two ehambers? 


When you measured thiekness of ventricular walls, was the right or left ventriele thieker?_ 

Knowing that structure and function are related, how would you say this structural differenee refleets the relative functions 
of these two heart ehambers? 


14. Semilunar valves prevent backflow into the_; mitral and tricuspid valves prevent backflow 

into the_. Using your own observations, explain how the operation of the semilunar 

valves differs from that of the mitral and trieiispid valves._ 


15. Compare and eontrast the structure of the mitral and tricuspid valves. 


16. Two remnants of fetal structures are observable in the heart—the ligamentum arteriosum and the fossa ovalis. What were they 
ealled in the fetal heart, where was eaeh loeated, and what eommon purpose did they serve as functioning fetal structures? 






















MATERIALS 

□ ECG or BIOPAC® equipment:* 

ECG reeording apparatus, eleetrode 
paste, aleohol swabs, rubber straps or 
disposable eleetrodes 


OBJECTIVES 

1. State the function of the intrinsie conduction system of the heart. 

2. List and identify the elements of the intrinsie conduction system, and 
deseribe how impulses are initiated and conducted through this system 
and the myocardium. 




| 6 | QPAG - BIOPAC® BSL System for 

Windows with BSL software 
version 3.7.5 to 3.7.7, or BSL System for 
Mae OS X with BSL software version 3.7.4 
to 3.7.7, MP36/35 or MP45 data acquisition 
unit, PC or Mae computer, eleetrode lead 
set, disposable vinyl eleetrodes 

lnstructors using the MP36 (or MP35/30) 
data acquisition unit with BSL software 
versions earlier than 3.7.5 (for Windows) 
and 3.7.4 (for Mae Os X) will need slightly 
different ehannel settings and eolleetion 
strategies. lnstructions for using the older 
data acquisition unit ean be found on 
MasteringA&P. 


3. Interpret the ECG in terms of depolarization and repolarization events 
occurring in the myocardium; and identify the P, QRS, and T waves on an 
ECG reeording using an ECG reeorder or BIOPAC @ . 

4. Define taehyeardia, bradyeardia, and fibrillation. 

5. Calculate the heart rate, durations of the QRS complex, P-R interval, and 
Q-T interval from an ECG obtained during the laboratory period, and 
reeognize normal values for the durations of these events. 

6. Deseribe and explain the ehanges in the ECG observed during experimental 
eonditions such as exercise or breath holding. 


PRE-LAB Q U I Z 


□ Cot or lab table; pillow (optional) 

□ Millimeter ruler 

*Note: instmetions for using PowerLab® 
equipment ean be found on Mastering A&P. 


M 



MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PAL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



1. Circle True or False. Cardiac muscle eells are eleetrieally eonneeted by gap 
junctions and behave as a single unit. 

2. Because it sets the rate of depolarization for the normal heart, the_ 

node is known as the paeemaker of the heart. 

a. atrioventricular b. Purkinje e. sinoatrial 

3. Circle True or False. Stimulation by the nerves of the autonomic nervous 
system is essential for eardiae rrmsele to eontraet. 

4. Today you will ereate a graphie reeording of the eleetrieal ehanges that 
occur during a eardiae eyele. This is known as an 

a. eleetroeardiogram 

b. eleetroeneephalogram 
e. eleetromyogram 

5. Circle the eorreet underlined term. The typieal ECG has three / sjx normally 
reeognizable defleetion waves. 

6. In a typieal ECG, the_wave signals the depolarization of the atria 

immediately before they eontraet. 

a. P e. R 

b. Q d. T 

7. Circle True or False. The repolarization of the atria is usually masked by the 
large QRS complex. 

8. Circle the eorreet underlined term. A heart rate over 100 beats/minute is 
known as taehyeardia / bradyeardia. 

9. How many eleetrodes will you plaee on your subject for today's aetivity if 
you use a standard ECG apparatus? 

a. 3 e. 10 

b. 4 d. 12 

10. Circle True or False. ECG ean be used to calculate heart rate. 
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Exercise 31 


Figure 31.1 The intrinsie 
conduction system of the heart. 

Dashed-line arrows indieate 
transmission of the impulse 
from the SA node through 
the atria. Solid yellow arrow 
indieates transmission of the 
impulse from the SA node to 
the AV node via the internodal 
pathway. 


Superior vena eava 

(J)The sinoatrial (SA) 
node (paeemaker) 
generates impulses. 

Internodal pathway 

Right atrium 

©The impulses 
pause (0.1 see) at 
the atrioventricular 
(AV) node. 

® The 
atrioventricular 
(AV) bundle 

eonneets the atria 
to the ventrieles. 


The bundle branehes 


® 

conductthe impulses 
through the 
interventricular septum 

®The subendocardial 
conducting network 

depolarizes the eontraetile 
eells of both ventrieles. 



Left atrium 


Subendocardial 
conducting network 
(Purkinje fibers) 


Inter- 

ventricular 

septum 


H eart eontraetion results from a series of depolariza- 

tion waves that travel through the heart preliminary 
to eaeh beat. Because eardiae muscle eells are elee- 
trieally eonneeted by gap junctions, the entire myocardium 
behaves like a single unit, a fimetional syncytium. 

The intrinsie 
Conduction System 

The ability of eardiae muscle to beat is intrinsie—it does not 
depend on impulses from the nervous system to initiate its 
eontraetion and will continue to eontraet rhythmieally even 
if all nerve eonneetions are severed. However, two types of 
eontrolling systems exert their effeets on heart aetivity. One 
of these involves nerves of the autonomic nervous system, 
which aeeelerate or deeelerate the heartbeat rate depend- 
ing on which division is aetivated. The seeond system is 
the intrinsie conduction system of the heart, eonsisting of 
speeialized noneontraetile myoeardial tissue. The intrinsie 
conduction system ensures that heart muscle depolarizes in 
an orderly and sequential manner, from atria to ventrieles, and 
that the heart beats as a eoordinated unit. 

The eomponents of the intrinsie conduction system 
include the sinoatrial (SA) node, loeated in the right atrium 
just inferior to the entranee to the superior vena eava; the 
atrioventricular (AV) node in the lower atrial septum at 
the junction of the atria and ventrieles; the AV bundle 
(bundle of His) and right and left bundle branehes, loeated 
in the interventricular septmn; and the subendocardial 
conducting network. The subendocardial conducting net- 
work, also ealled Purkinje fíbers, eonsists essentially of 
long strands of barrel-shaped eells ealled Purkinje myoeytes, 
which ramify within the muscle bundles of the ventricular 
walls. This network is much denser and more elaborate in 


the left ventriele because of the larger size of this ehamber 

(Figure 31.1). 

The SA node, which has the highest rate of diseharge, 
provides the stimulus for eontraetion. Because it sets the 
rate of depolarization for the heart as a whole, the SA node 
is often referred to as the paeemaker. From the SA node, the 
impulse spreads throughout the atria and to the AV node. This 
eleetrieal wave is immediately followed by atrial eontrae- 
tion. At the AV node, the impulse is momentarily delayed 
(approximately 0.1 see), allowing the atria to eomplete their 
eontraetion. It then passes through the AV bundle, the right 
and left bundle branehes, and the subendocardial conducting 
network, finally resulting in ventricular eontraetion. Note 
that the atria and ventrieles are separated from one another by 
a region of eleetrieally inert eonneetive tissue, so the depolar- 
ization wave ean be transmitted to the ventrieles only via the 
traet between the AV node and AV bundle. Thus, any damage 
to the AV node-bundle pathway partially or totally insulates 
the ventrieles from the influence of the SA node. Although 
eardiae paeemaker eells are found throughout the heart, their 
rates of spontaneous depolarization differ. The nodal system 
sets the rate of heart depolarization and synehronizes heart 
aetivity. 

Eleetroeardiography 

The conduction of impulses through the heart generates 
eleetrieal currents that eventually spread throughout the 
body. These impulses ean be deteeted on the body’s sur- 
faee and reeorded with an instmment ealled an eleetroear- 
diograph. The graphie reeording of the eleetrieal ehanges 
occurring during the eardiae eyele is ealled an eleetroear- 
diogram (ECG or EKG) (Figure 31.2). For analysis, the 
ECG is divided into segments and intervals (see Fable 31.1 
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Figure 31.2 The normal eleetroeardiogram. (a) Regular 
sinus rhythm. (b) Waves # segments, and intervals of a 
normal ECG. 


for the definitions). The defleetion waves of an ECG and 
sequential excitation of the heart have speeifie relationships 

(Figure 31.3). 


Table 31.1 




Boundaries of Eaeh ECG Component 


Feature 

P wave 
P-R interval 


Boundaries 

Start of P defleetion to return to isoeleetrie line 
Start of P defleetion to start of Q defleetion 


QRS complex Start of Q defleetion to S return to isoeleetrie 

line 

End of S defleetion to start of T wave 
Start of Q defleetion to end of T wave 
Start of T defleetion to return to isoeleetrie line 
End of T wave to start of next P wave 
Peak of R wave to peak of next R wave 


S-T segment 
Q-T interval 
T wave 
T-P segment 
R-R interval 


It is important to understand what an ECG does and does 
not show: First, an ECG is a reeord of voltage and time— 
nothing else. Although we ean and do infer that muscle eon- 
traetion follows its excitation, sometimes it does not. Seeond, 
an ECG reeords eleetrieal events occurring in relatively large 
amounts of muscle tissue (i.e., the bulk of the heart muscle), 
not the aetivity of nodal tissue which, like muscle eontraetion, 
ean only be inferred. Nonetheless, abnormalities of the deflee- 
tion waves and ehanges in the time intervals of the ECG are 
useful in deteeting myoeardial infarets (heart attaeks) or prob- 
lems with the conduction system of the heart. The P-R interval 
represents the time between the beginning of atrial depolariza- 
tion and ventricular depolarization. Thus, it typieally includes 
the period during which the depolarization wave passes to the 
AV node, atrial systole, and the passage of the excitation wave 
to the balanee of the conducting system. Generally, the P-R 
interval is about 0.12-0.20 see. A longer interval may suggest 
a partial AV heart bloek caused by damage to the AV node. In 
total heart bloek, no impulses are transmitted through the AV 
node, and the atria and ventrieles beat independently of one 
another—the atria at the SA node rate and the ventrieles at 
their intrinsie rate, which is eonsiderably slower. 


SA node generates impulse; 
atrial depolarization begins 



Q s 


lmpulse delayed 
at AV node 


R 


P 


lmpulse passes to 
heart apex; ventricular 
depolarization begins 


Ventricular depolarization 
eomplete 



AV node 



Bundle 
branehes 



R 



Subendocardial 

conduction 

network 



R 



T 



Q 


S 


Figure 31.3 The sequence of excitation of the heart related to the defleetion waves 
of an ECG traeing. 
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Exercise 31 


The S-T segment is a very important area to examine 
when evaluating the ECG. Elevation of this segment is ehar- 
aeteristie of a myoeardial infaret. 

A prolonged QRS complex (normally about 0.08 see) 
may indieate a right or left bundle braneh bloek in which one 
ventriele is eontraeting later than the other. The Q-T interval 
is the period from the beginning of ventricular depolarization 
through repolarization and includes the time of ventricular 
eontraetion (the S-T segment). With a heart rate of 70 beats/ 
min, this interval is normally 0.32-0.38 see. As the rate 
inereases, this interval beeomes shorter; eonversely, when the 
heart rate drops, the interval is longer. The repolarization of 
the atria, which occurs during the QRS interval, is generally 
obscured by the large QRS complex. 

A heart rate over 100 beats/min is referred to as taehy- 
eardia; a rate below 60 beats/min is bradyeardia. Although 
neither eondition is pathologieal, prolonged taehyeardia may 
progress to fíbrillation, a eondition of rapid uncoordinated 
heart eontraetions which makes the heart useless as a pump. 
Bradyeardia in athletes is a positive finding; that is, it indi- 
eates an inereased effieieney of eardiae functioning. Because 
stroke volume (the amount of blood ejeeted by a ventriele 
with eaeh eontraetion) inereases with physieal eonditioning, 
the heart ean eontraet more slowly and still meet circulatory 
demands. 

Twelve standard leads are used to reeord an ECG for 
diagnostie purposes. Three of these are bipolar leads that 
measure the voltage differenee between the arms, or an arm 
and a leg, and nine are unipolar leads. Together the 12 leads 
provide a fairly eomprehensive picture of the eleetrieal aetiv- 
ity of the heart. 

For this investigation, four eleetrodes are used 
(Figure 31.4), and results are obtained from the three stan- 
dard limb leads (also shown in Figure 31.4). Several types of 
physiographs or ECG reeorders are available. Your instme- 
tor will provide speeifie direetions on how to set up and use 
the available apparatus if standard ECG apparatus is used 
(Aetivity 1A). instmetions for use of BIOPAC® apparatus 
(Aetivity 1B) follow (pages 462-466). 


llnderstanding the Standard 
Limb Leads 


As you might expect, eleetrieal aetivity reeorded by any lead 
depends on the loeation and orientation of the reeording elee- 
trodes. Clinically, it is assumed that the heart lies in the eenter 
of a triangle with sides of equal lengths (Einthoven ’s triangle) 
and that the reeording eonneetions are made at the vertiees 
(eorners) of that triangle. But in praetiee, the eleetrodes eon- 
neeted to eaeh arm and to the left leg are eonsidered to eonneet 
to the triangle vertiees. The standard limb leads reeord the 
voltages generated in the extracellular fluids surrounding the 
heart by the ion flows occurring simultaneously in many eells 
between any two of the eonneetions. A reeording using lead I 
(RA-LA), which eonneets the right arm (RA) and the left arm 
(LA), is most sensitive to eleetrieal aetivity spreading horizon- 
tally aeross the heart. Lead II (RA-LL) and lead III (LA-LL) 
reeord aetivity along the vertieal axis (from the base of the 
heart to its apex) but from different orientations. The signifi- 
eanee of Einthoven’s triangle is that the sum of the voltages of 
leads I and III equals that in lead II (Einthoven’s law). Henee, 
if the voltages of two of the standard leads are reeorded, that 
of the third lead ean be determined mathematieally. 


Lead 




Lead 


Lead 




Ground 


Figure 31.4 ECG reeording positions for the standard 
limb leads. 


Onee the subject is prepared, the ECG will be reeorded 
first under baseline (resting) eonditions and then under eondi- 
tions of fairly strenuous aetivity. Finally, reeordings will be 
made while the subject holds his or her breath or earries out 
deep breathing. The aetivity reeordings and those involving 
ehanges in respiratory rate or depth will be eompared to the 
baseline reeordings, and you will be asked to determine the 
reasons for the observed differenees in the reeordings. 


A C T I V I T Y 1 A 


Reeording ECGs Using 
a Standard ECG Apparatus 

Preparing the Subject 

1. If using eleetrodes that require paste, plaee eleetrode 
paste on four eleetrode plates and position eaeh eleetrode as 
follows after sembbing the skin at the attaehment site with an 
aleohol swab. Attaeh an eleetrode to the anterior surface of 
eaeh forearm, about 5 to 8 em (2 to 3 in.) above the wrist, and 
secure them with mbber straps. In the same manner, attaeh 
an eleetrode to eaeh leg, approximately 5 to 8 em above the 
medial malleolus (inner aspeet of the ankle). Disposable 
eleetrodes may be plaeed direetly on the subject in the same 
areas. 

2. Attaeh the appropriate tips of the patient eable to the elee- 
trodes. The eable leads are marked RA (right arm), LA (left 
arm), LL (left leg), and RL (right leg, the ground). 
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Making a Baseline Reeording 

1. Position the subject eomfortably in a supine position on a 
eot (if available), or sitting relaxed on a laboratory ehair. 

2. Turn on the power switch and adjust the sensitivity knob 
to 1. Set the paper speed to 25 mm/see and the lead selee- 
tor to the position eorresponding to reeording from lead I 

(RA-LA). 

3. Set the eontrol knob at the RUN position and reeord the 
subject’s at-rest ECG from lead I for 2 to 3 minutes or until 
the reeording stabilizes. (You will need a traeing long enough 
to provide eaeh student in your group with a representa- 
tive segment.) The subject should try to relax and not move 
unnecessarily, because the skeletal muscle aetion potentials 
will also be pieked up and reeorded. 

4. Stop the reeording and mark it u lead I.” 

5. Repeat the reeording procedure for leads II (RA-LL) and 
III (LA-LL). 

6. Eaeh student should take a representative segment of one 
of the lead reeordings and label the reeord with the name of 
the subject and the lead used. Identify and label the P, QRS, 
and T waves. The calculations you perform for your reeord- 
ing should be based on the following information: Because 
the paper speed was 25 mm/see, eaeh millimeter of paper 
eorresponds to a time interval of 0.04 see. Thus, if an inter- 
val requires 4 mm of paper, its duration is 4 mm X 0.04 see/ 
mm = 0.16 see. 

7. Compute the heart rate. Obtain a millimeter rnler and 
measure the distanee from the R wave of one QRS complex 
to the R wave of the next QRS complex. Enter this value into 
the following equation to find the time for one heartbeat. 

_mm/beat X 0.04 see/mm =_see/beat 

Now find the beats per minute, or heart rate, by using the 
figure just computed for seeonds per beat in the following 
equation: 

1 X 60 see/min =_beats/min 

_see/beat 

Is the obtained value within normal limits?_ 

Measure the QRS complex, and compute its duration. 


Measure the Q-T interval, and compute its duration. 


Measure the P-R interval, and compute its duration. 


Are the computed values within normal limits? 


8. At the bottom of this page, attaeh segments of the ECG 
reeordings from leads I through III. Make sure you indieate 
the paper speed, lead, and subject’s name on eaeh traeing. 
To the reeording on which you based your previous eom- 
putations, add your calculations for the duration of the QRS 
complex and the P-R and Q-T intervals above the respeetive 
area of traeing. Also reeord the heart rate on that traeing. 

Reeording the ECG for Running in Plaee 

1. Make sure the eleetrodes are securely attaehed to prevent 
eleetrode movement while reeording the ECG. 

2. Set the paper speed to 25 mm/see, and prepare to make the 
reeording using lead I. 

3. Reeord the ECG while the subject is mnning in plaee for 

3 minutes. Then have the subject sit down, but continue to 
reeord the ECG for an additional 4 minutes. Mark the reeord- 
ing at the end of the 3 minutes of mnning and at 1 minute after 
eessation of aetivity. 

4. Stop the reeording. Compute the beats/min during the 
third minute of mnning, at 1 minute after exercise, and at 

4 minutes after exercise. Reeord below: 

_beats/min while mnning in plaee 

_beats/min at 1 minute after exercise 

_beats/min at 4 minutes after exercise 

5. Compare this reeording with the previous reeording from 
lead I. Which intervals are shorter in the “mnning” reeording? 


6. Does the subject’s heart rate return to resting level by 
4 minutes after exercise? 


Reeording the ECG During Breath Holding 

1. Position the subject eomfortably in the sitting position. 

2. Using lead I and a paper speed of 25 mm/see, begin the 
reeording. After approximately 10 seeonds, instmet the sub- 
jeet to begin breath holding and mark the reeord to indieate 
the onset of the l-minute breath-holding interval. 

3. Stop the reeording after 1 minute and remind the subject 
to breathe. Compute the beats/minute during the l-minute 
experimental (breath-holding) period. 

Beats/min during breath holding:_ 

4. Compare this reeording with the lead I reeording obtained 
under resting eonditions. 

What differenees are seen? 


Attempt to explain the physiologieal reason for the differ- 
enees you have seen. (Hint: A good plaee to start might be to 
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Exercise 31 


BIO PAC® 
MP45 unit 



BIO PAC® 
MP36/35 unit 



L 



Eleetrode lead set 


Figure 31.5 Setting up the BIOPAC® unit. Plug the 
eleetrode lead set into ehannel 1. Leads are shovvn 
plugged into the MP36/35 unit. 


eheek hypoventilation or the role of the respiratory system in 
aeid-base balanee of the blood.) 



AOTIVITY 1B 


Eleetroeardiography Using BIOPAC® 

In this aetivity, you will reeord the eleetrieal aetivity of the 
heart under three different eonditions: (1) while the subject is 
lying down, (2) after the subject sits up and breathes normally, 
and (3) after the subject has exercised and is breathing deeply. 

Sinee the eleetrodes are not plaeed direetly over the 
heart, artifaets ean result from the reeording of unwanted 
skeletal muscle aetivity. In order to obtain a elear ECG, it is 
important that the subject: 

• Remain still during the reeording. 

• Refrain from laughing or talking during the reeording. 

• When in the sitting position, keep arms and legs steady 
and relaxed. 

• Remove metal watches and braeelets. 

Setting Up the Equipment 

1. Connect the BIOPAC® unit to the computer and turn the 
computer ON. 

2. Make sure the BIOPAC® unit is OFF. 

3. Plug in the equipment (as shown in Figure 31.5): 


White lead 
(right forearm) 


Blaek lead (ground) 
(right leg) 



Red lead 
(left leg) 


Figure 31.6 Plaeement of eleetrodes and the 
appropriate attaehment of eleetrode leads by eolor. 


• Eleetrode lead set—CH 1 

4. Turn the BIOPAC® unit ON. 

5. Plaee the three eleetrodes on the subject (as shown in 
Figure 31.6), and attaeh the eleetrode leads aeeording to 
the eolors indieated. The eleetrodes should be plaeed on the 
medial surface of eaeh leg, 5 to 8 em (2 to 3 in.) superior to 
the ankle. The other eleetrode should be plaeed on the right 
anterior forearm 5 to 8 em above the wrist. 

6. The subject should lie down and relax in a eomfortable 
position with eyes elosed. A ehair or plaee to sit up should be 
available nearby. 

7. Start the BIOPAC® Student Lab program on the computer 
by double-clicking the ieon on the desktop or by following 
your instmetor’s guidance. 

8. Seleet lesson L05-ECG-1 from the menu, and eliek OK. 

9. Type in a filename that will save this subject’s data on the 
computer hard drive. You may want to use the subject’s last 
name followed by ECG-1 (for example, SmithECG-l), then 
eliek OK. 

10. Because we are not reeording all available lesson options, 
eliek the File Menu, ehoose Lesson Preferenees, ehoose 
Heart Rate Data, and eliek OK. Choose Do Not Calculate 
and eliek OK. Click the file menu and ehoose Lesson Prefer- 
enees again, seleet Lesson Segments and eliek OK, eliek the 
box for Deep Breathing to deseleet it, and then eliek OK. 

Calibrating the Equipment 

• Examine the eleetrodes and the eleetrode leads to be 
eertain they are properly attaehed. 

1. The subject must remain supine, still, and relaxed. With 
the subject in a still position, eliek Calibrate. This will ini- 
tiate the proeess whereby the computer will automatically 
establish parameters to reeord the data. 

2. The ealibration procedure will stop automatically after 
8 seeonds. 
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Figure 31.7 Example of ealibration data. 



[]] 1« 

■** 



3. Observe the reeording of the ealibration data, which 
should look similar to the data example (Figure 31.7). 

• If the data look very different, eliek Redo Calibration 
and repeat the steps above. 

• If the data look similar, proeeed to the next seetion. Don’t 
eliek Done until you have eompleted all 3 segments. 

Reeording Segment 1: Subject Lying Down 

1. To prepare for the reeording, remind the subject to remain 
still and relaxed while lying down. 

2. Click Continue and when prepared, eliek Reeord and gather 
data for 20 seeonds. At the end of 20 seeonds, eliek Suspend. 

3. Observe the data, which should look similar to the data 
example (Figure 31.8). 

• If the data look very different, eliek Redo and repeat 
the steps above. Be eertain to eheek attaehment of the 
eleetrodes and leads, and remind the subject not to move, 
talk, or laugh. 

• If the data look similar, move on to the next reeording 
segment. 

Reeording Segment 2: After Subject Sits Up, 
with Normal Breathing 

1. Tell the subject to be ready to sit up in the designated 
loeation. With the exception of breathing, the subject should 
try to remain motionless after assuming the seated position. If 
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Figure 31.8 Example of ECG data while the subject is 
lying down. 


Figure 31.9 Example of ECG data after the subject sits 
up and breathes normally. 


the subject moves too much during reeording after sitting up, 
unwanted skeletal muscle artifaets will affeet the reeording. 

2. Click Continue and when prepared, instmet the subject 
to sit up. Immediately after the subject assumes a motionless 
state, eliek Reeord, and the data will begin reeording. 

3. At the end of 20 seeonds, eliek Suspend to stop reeording. 

4. Observe the data, which should look similar to the data 
example (Figure 31.9). 


If the data look very different, have the subject lie down, 
then eliek Redo. Be eertain to eheek attaehment of the 
eleetrodes, then repeat steps 1-4 above. Do not eliek 
Reeord until the subject is motionless. 

If the data look similar, move on to the next reeording 
segment. 


Reeording Segment 3: After Subject Exercises, 
with Deep Breathing 

1. Click Continue, but don’t eliek Reeord until after the 
subject has exercised. Remove the eleetrode pineh eonneetors 
from the eleetrodes on the subject. 

2. Have the subject do a brief round of exercise, such as 
jumping jaeks or mnning in plaee for 1 minute, in order to 
elevate the heart rate. 

3. As quickly as possible after the exercise, have the subject 
resume a motionless, seated position and reattaeh the pineh 
eonneetors. Onee again, if the subject moves too much dur- 
ing reeording, unwanted skeletal muscle artifaets will affeet 
the data. After exercise, the subject is likely to be breathing 
deeply, but otherwise should remain as still as possible. 

4. Immediately after the subject assumes a motionless, 
seated state, eliek Reeord, and the data will begin reeording. 
Reeord the ECG for 60 seeonds in order to observe post- 
exercise reeovery. 

5. After 60 seeonds, eliek Suspend to stop reeording. 

6. Observe the data, which should look similar to the data 
example (Figure 31.10). 





If the data look very different, eliek Redo and repeat the 
steps above. Be eertain to eheek attaehment of the elee- 
trodes and leads, and remember not to eliek Reeord until 
the subject is motionless. 
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Exercise 31 
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Figure 31.10 Example of ECG data after the subject 
exercises. 


Figure 31.11 Example of highlighting from R wave to 
R wave. 


7. When finished, eliek Done and then Yes. Remove the 
eleetrodes from the subject. 

8. A pop-up window will appear. To reeord from another 
subject, seleet Reeord from another subject and return to 
step 5 under Setting Up the Equipment. If continuing to the 
Data Analysis seetion, seleet Analyze current data fíle and 
proeeed to step 2 of the Data Analysis seetion. 


Data Analysis 

1. If just starting the BIOPAC® program to perform data 
analysis, enter Review Saved Data mode and ehoose the file 
with the subject’s ECG data (for example, SmithECG-l). 


2. Use the following tools to adjust the data in order to 
elearly view and analyze four consecutive eardiae eyeles: 



• Click the magnifying glass (near the I-beam cursor box) 
to aetivate the zoom function. Use the magnifying glass 
cursor to eliek on the very first waveforms until there are 
about 4 seeonds of data represented (see horizontal time 
seale at the bottom of the sereen). 

• Seleet the Display menu at the top of the sereen, and 
eliek Autoscale Waveforms (or eliek Ctrl + Y). This 
function will adjust the data for better viewing. 

• Click the Adjust Baseline button. Two new buttons will 
appear; simply eliek these buttons to move the wave- 
forms Up or Down so they appear elearly in the eenter of 
the display window. Onee they are eentered, eliek Exit. 

3. Note that the first two pairs of channel/measurement 

boxes at the top of the sereen are set to Delta T and bpm. 


ehannel Measurement Data 

CH 1 Delta T ECG 

CH 1 bpm ECG 

Analysis of Segment 1: Subject Lying Down 

1. Use the arrow cursor and eliek the I-beam cursor box for 
the “area seleetion” function. 

2. First measure Delta T and bpm in Segment 1 (approxi- 
mately seeonds 0-20). Using the I-beam cursor, highlight 
from the peak of one R wave to the peak of the next R wave, 
(as shown in Figure 31.11). 

3. Observe that the computer automatically calculates the 
Delta T and bpm for the seleeted area. These measurements 
represent the following: 

Delta T (differenee in time): Computes the elapsed time 
between the beginning and end of the highlighted area 

bpm (beats per minute): Computes the beats per minute when 
the area from the R wave of one eyele to the R wave of another 
eyele is highlighted 

4. Reeord these data in the Segment 1 Samples ehart un- 
der R to R Sample 1 (round to the nearest 0.01 seeond and 
0.1 beat per minute). 

5. Using the I-beam cursor, highlight two other pairs of R to 
R areas in this segment and reeord the data in the same ehart 
under Samples 2 and 3. 


Segment 1 Samples for Delta T and bpm 


Measure 

ehannel 

R to R 

Sample 1 

R to R 

Sample 2 

R to R 

Sample 3 

Mean 

Delta T 

CH 1 





bpm 

CH 1 
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Figure 31.12 Example of a single ECG waveform with 
the first part of the P wave highlighted. 

6. Calculate the means of the data in this ehart. 

7. Next, use the zoom, Autoscale Waveforms, and Adjust 
Baseline tools deseribed in step 2 to focus in on one ECG wave- 
form within Segment 1. (See the example in Figure 31.12). 

8. Onee a single ECG waveform is eentered for analysis, 
eliek the I-beam cursor box to aetivate the “area seleetion” 
function. 

9. Using the highlighting function and Delta T computation, 
measure the duration of every eomponent of the ECG wave- 
form. (Refer to Figure 31.2b and Table 31.1 for guidance in 
highlighting eaeh eomponent.) 

10. Highlight eaeh eomponent of one eyele. Observe the 
elapsed time, and reeord this data under Cycle 1 in the 

Segment 1 Elapsed Time ehart. 

11. Seroll along the horizontal axis at the bottom of the data to 
view and analyze two additional eyeles in Segment 1. Reeord 
the elapsed time for every eomponent of Cycle 2 and Cycle 3 
in the Segment 1 Elapsed Time ehart. 

12. In the same ehart, calculate the means for the three eyeles 
of data and reeord. 


Segment 1 Elapsed Time for ECG Components 

(seeonds) 

Component 

Cycle 1 

Cycle 2 

Cycle 3 

Mean 

P wave 





P-R interval 





QRS complex 





S-T segment 





Q-T interval 





T wave 





T-P segment 





R-R interval 






Analysis of Segment 2: Subject Sitting Up 
and Breathing Normally 

1. Seroll along the horizontal time bar until you reaeh the 
data for Segment 2 (approximately seeonds 20-40). A marker 
with “Seated” should denote the beginning of this data. 

2. As in the analysis of Segment 1, use the I-beam tool to 
highlight and measure the Delta T and bpm between three 
different pairs of R waves in this segment, and reeord the data 

in the Segment 2 Samples ehart. 

Analysis of Segment 3: After Exercise 
with Deep Breathing 

1. Seroll along the horizontal time bar until you reaeh the 
data for Segment 3 (approximately seeonds 40-100). A 
marker with 4 After exercise” should denote the beginning of 
this data. 


Segment 2 Samples for Delta T and bpm 

Measure 

ehannel 

R to R Sample 1 

R to R Sample 2 

R to R Sample 3 

Mean 

Delta T 

CH 1 





bpm 

CH 1 






Segment 3 Samples for Delta T and bpm 

Measure 

ehannel 

R to R Sample 1 

R to R Sample 2 

R to R Sample 3 

Mean 

Delta T 

CH 1 





bpm 

CH 1 
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Exercise 31 


Segment 3 Elapsed Time for 
ECG Components (seeonds) 


Component 

Cyde 1 

P wave 


P-R interval 


QRS complex 


S-T segment 


Q-T interval 


T wave 


T-P segment 


R-R interval 



2. As before, use the I-beam tool to highlight and measure 
the Delta T and bpm between three pairs of R waves in this 
segment, and reeord the data in the Segment 3 Samples ehart 
on the previous page. 

3. Using the instmetions for steps 7-9 in the seetion Analy- 
sis of Segment 1, highlight and observe the elapsed time for 
eaeh eomponent of one eyele, and reeord these data under 
Cycle 1 in the Segment 3 Elapsed Time ehart. 

4. When finished, Exit from the file menu to quit. 

Compare the average Delta T times and average bpm between 
the data in Segment 1 (lying down) and the data in Segment 3 
(after exercise). Which is greater in eaeh ease? 


What is the relationship between the elapsed time (Delta T) 
between R waves and the heart rate? 


What event does the period between R waves eorrespond to? 


Average Duration for ECG Components 


ECG 

Component 

Normal 

Duration 

(seeonds) 

Segment 1 

(lying 

down) 

Segment 3 

(post- 

exercise) 

P wave 

0.07-0.18 



P-R interval 

0.12-0.20 



QRS complex 

0.06-0.12 



S-T segment 

<0.20 



Q-T interval 

0.32-0.38 



T wave 

0.10-0.25 



T-P segment 

0-0.40 



R-R interval 

varies 




Examine the average duration of eaeh of the ECG eompo- 
nents in Segment 1 and the data in Segment 3. In the Average 
Duration ehart, reeord the average values for Segment 1 and 
the data for Segment 3. Draw a eirele around those measures 
that fit within the normal range. 

Compare the Q-T intervals in the data while the subject is at 
rest versus after exercise; this interval eorresponds elosely 
to the duration of eontraetion of the ventrieles. Deseribe and 
explain any differenee. 


Compare the duration in the period from the end of eaeh 
T wave to the next P wave while the subject is at rest versus 
after exercise. Deseribe and explain any differenee. 


A patient presents with a P-R interval three times longer 
than the normal duration. What might be the cause of this 
abnormality? 


Is there a ehange in heart rate when the subject makes the 
transition from lying down (Segment 1) to a sitting position 
(Segment 2)? 








































Conduction System 

of the Heart 

and Eleetroeardiography 


The intrinsie Conduction System 

1. List the elements of the intrinsie conduction system in order, starting from the SA node. 
SA node —» —» 


At what structure in the transmission sequence is the impulse temporarily delayed? 
Why?_ 


2. Even though eardiae muscle has an inherent ability to beat, the nodal system plays a eritieal role in heart physiology. 
What is that role? 


Eleetroeardiography 

3. Define ECG. 


4. Draw an ECG wave form representing one heartbeat. Label the P, QRS, and T waves; the P-R interval; the S-T segment, 
and the Q-T interval. 


5. Why does heart rate inerease during mnning? 
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Revievv Sheet 31 


6. Deseribe what happens in the eardiae eyele in the following situations. 

1. immediately before the P wave:_ 

2. during the P wave:_ 

3. immediately after the P wave:_ 

4. during the QRS wave:_ 

5. immediately after the QRS wave (S-T segment):_ 

6. during the T wave:_ 

7. Define the following terms. 

1. taehyeardia: _ 

2. bradyeardia: _ 

3. fibrillation: _ 

8. Which would be more serious, atrial or ventricular fibrillation?_ 

Why?_ 


9. Abnormalities of heart valves ean be deteeted more accurately by auscultation than by eleetroeardiography. Why is this so? 

















Anatomy of Blood Vessels 


MATERIALS 

□ Compound mieroseope 

□ Prepared mieroseope slides showing 
eross seetions of an artery and vein 

□ Anatomieal eharts of human arteries 
and veins (or a three-dimensional 
model of the human circulatory 
system) 

□ Anatomieal eharts of the follovving 
speeialized circulations: pulmonary 
circulation, hepatie portal circulation, 
fetal circulation, arterial supply of the 
brain (or a brain model showing this 
circulation) 

R|P For instmetions on animal dissee- 

tions, see the disseetion exercises 

(starting on page 697) in the eat and fetal 

pig editions of this manual. 





OBJEGTIVES 



1 . 

2 . 

3. 

4. 


Deseribe the tunics of blood vessel walls, and state the function of eaeh 
layer. 

Correlate differenees in artery, vein, and eapillary structure with the 
functions of these vessels. 

Reeognize a eross-seetional view of an artery and vein when provided 
with a mieroseopie view or appropriate image. 

List and identify the major arteries arising from the aorta, and indieate 
the body region supplied by eaeh. 




5. Deseribe the eerebral arterial eirele, and discuss its importanee in the body. 

6. List and identify the major veins draining into the superior and inferior 
venae eavae, and indieate the body regions drained. 


7. Deseribe these speeial circulations in the body: pulmonary circulation, 
hepatie portal system, and fetal circulation, and discuss the important 
features of eaeh. 


PRE-LAB Q U I Z 


M 



MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÀL 


PhysioEx 


PEx 



A&PFIix A&PFIix 

Praetiee quizzes, Flistology Atlas, eText, 
Videos, and more! 


J 


1. Circle the eorreet underlined term. Arteries / Veins drain tissues and return 
blood to the heart. 

2. Circle True or False. Gas exchange takes plaee between tissue eells and 
blood through eapillary walls. 

3. The_is the largest artery of the body. 

a. aorta e. femoral artery 

b. earotid artery d. subclavian artery 

4. Circle the eorreet underlined term. The largest braneh of the abdominal 
aorta, the renal / superior mesenterie artery, supplies most of the small 
intestine and the first half of the large intestine. 

5. The anterior tibial artery terminates with the_artery, which is 

often palpated in patients with circulatory problems to determine the 
circulatory effieieney of the lower limb. 

a. dorsalis pedis e. obturator 

b. external iliae d. tibial 

6. Circle the eorreet underlined term. Veins draining the head and upper 
extremities empty into the superior / inferior vena eava. 

7. Loeated in the lower limb, the_is the longest vein in the body. 

a. external iliae e. great saphenous 

b. fibular d. internal iliae 

8. Circle the eorreet underlined term. The renal / hepatie veins drain the liver. 

9. The function of the_is to drain the digestive viseera and earry 

dissolved nutrients to the liver for proeessing. 

a. fetal circulation 

b. hepatie portal circulation 

e. pulmonary circulation system 

10. Circle the eorreet underlined term. In the developing fetus, the umbilical 
artery / vein earries blood rieh in nutrients and oxygen to the fetus. 
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Exercise 32 


T he blood vessels form a elosed transport system. As the 

heart eontraets, blood is propelled into the large arter- 
ies leaving the heart. It moves into successively smaller 
arteries and then to the arterioles, which feed the eapillary 
beds in the tissues. Capillary beds are drained by the venules, 
which in turn empty into veins that ultimately eonverge on the 
great veins entering the heart. 

Arteries, earrying blood away from the heart, and veins, 
which drain the tissues and return blood to the heart, func- 
tion simply as conducting vessels or conduits. Only the tiny 
eapillaries that eonneet the arterioles and venules and braneh 
throughout the tissues direetly serve the needs of the body’s 
eells. It is through the eapillary walls that exchanges are made 
between tissue eells and blood. Respiratory gases, nutrients, 


Figure 32.1 Generalized structure of arteries, veins, 
and eapillaries. (a) Photomierograph of a muscular artery 
and the eorresponding vein in eross seetion (76x). 

(b) Comparison of wall structure of arteries, veins, and 
eapillaries. Note that the tunica media is thiek in arteries 
and thin in veins, while the tunica externa is thin in 
arteries and relatively thieker in veins. CapiIlaries have 
only endothelium and a sparse basal lamina. 


and wastes move along diffusion gradients. Thus, oxygen and 
nutrients diffuse from the blood to the tissue eells, and earbon 
dioxide and metabolie wastes move from the eells to the blood. 

In this exercise you will examine the mieroseopie struc- 
ture of blood vessels and identify the major arteries and veins 
of the systemie circulation and other speeial circulations. 

Mieroseopie Structure 
of the Blood Vessels 

Except for the mieroseopie eapillaries, the walls of blood ves- 
sels are eonstmeted of three eoats, or tunics (Figure 32.1). 
The tunica intima, which lines the lumen of a vessel, is a 
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Artery 


(b) 



eapillary 


Endothelial eells 
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R. axillary 




Arteries of 
R.upper 
limb 



R. subclavian 
- neek and 
R. upper limb 


R. external 


R. internal 


L. external 

L. internal 

earotid artery 


earotid artery 


earotid artery 

earotid artery 








Braehioeephalie 
- head, neek, and 
R. upper limb 


Aseending aorta 
- L. ventriele to sternal angle 


L. and R. eoronary 
arteries 




R. eommon earotid 


L. eommon earotid 


L. vertebral 


- right side of head and neek 


- left side of head and neek 





L. subclavian 
- neek and L 
upper limb 



L. axillary 



Arteries of 
L. upper 
limb 


Thoraeie aortaT 5 -T 12 (diaphragm) 


L. ventriele of heart 


Viseera/ branehes 


Parieta! branehes 


Mediastinal 
- posterior 
media- 
stinum 


Esophageal 
- esophagus 


Bronehial 
- Iungs and 
bronehi 


Perieardial 
- pericardium 


Diaphragm 


Viseeral branehes 


Posterior intereostals 
- intereostal muscles, spinal 
eord, vertebrae, pleurae, skin 



Abdominal aortaT 12 (diaphragm)-L 4 


Superior phrenies 
- posterior and superior 
diaphragm 


Parietai branehes 


Gonadal 
- testes or 
ovaries 


Suprarenal 
- adrenal 


Renal 
- kidneys 


Superior 
and inferior 
mesenteries 

- small 
intestine 

- eolon 


Celiac trunk 

- liver 

- gallbladder 

- spleen 

- stomaeh 

- esophagus 

- duodenum 


Inferior phrenies 
- inferior diaphragm 


Lumbars 
- posterior 
abdominal 
wall 


Median saeral 

- sacrum 

- coccyx 



R. eommon iliae 


L. eommon iliae 

- pelvis and R. lower limb 


- pelvis and L. lower limb 



Figure 32.2 Sehematie of the systemie arterial circulation. (R. = right # L. = left) 


single thin layer of endothelium (squamous eells underlain 
by a seant basal lamina) that is continuous with the endo- 
cardium of the heart. Its eells fit elosely together, forming 
an extremely smooth blood vessel lining that helps deerease 
resistanee to blood flow. 

The timiea media is the more bulky middle eoat and is 
eomposed primarily of smooth muscle and elastin. The smooth 
muscle, under the eontrol of the sympathetie nervous system, 
plays an aetive role in regulating the diameter of blood vessels, 
which in turn alters peripheral resistanee and blood pressure. 

The tunica externa, the outermost tunic, is eomposed of 
areolar or fibrous eonneetive tissue. Its function is basieally 
supportive and proteetive. In larger vessels, the tunica externa 
eontains a system of tiny blood vessels, the vasa vasorum. 

In general, the walls of arteries are thieker than those of 
veins. The tunica media in particular tends to be much heavier 


and eontains substantially more smooth muscle and elastie 
tissue. This anatomieal differenee refleets a functional differ- 
enee in the two types of vessels. Arteries, which are eloser to 
the pumping aetion of the heart, must be able to expand as an 
inereased volume of blood is propelled into them during sys- 
tole and then reeoil passively as the blood flows off into the 
circulation during diastole. Their walls must be sufficiently 
strong and resilient to withstand such pressure fluctuations. 
Sinee these larger arteries have such large amounts of elastie 
tissue in their media, they are often referred to as elastie arter- 
ies. Smaller arteries, further along in the circulatory pathway, 
are exposed to less extreme pressure fluctuations. They have 
less elastie tissue but still have substantial amounts of smooth 
muscle in their media. For this reason, they are ealled muscu- 
lar arteries. (A sehematie of the systemie arteries is provided 
in Figure 32.2.) 
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Exercise 32 


By eontrast, veins, which are far removed from the heart 
in the circulatory pathway, are not subjected to such pressure 
fluctuations and are essentially low-pressure vessels. Thus, 
veins may be thinner-walled without jeopardy. However, the 
low-pressure eondition itself and the faet that blood returning 
to the heart often flows against gravity require structural modi- 
fieations to ensure that venous return equals eardiae output. 
Thus, the lumens of veins tend to be substantially larger than 
those of eorresponding arteries, and valves in larger veins aet 
to prevent backflow of blood in much the same manner as the 
semilunar valves of the heart. The skeletal muscle U pump” also 
promotes venous return; as the skeletal muscles surrounding 
the veins eontraet and relax, the blood is milked through the 
veins toward the heart. Anyone who has been standing rela- 
tively still for an extended time has experienced swelling in the 
ankles, caused by blood pooling in their feet during the period 
of muscle inaetivity. Pressure ehanges that occur in the thorax 
during breathing also aid the return of blood to the heart. 


to enter the abdominal eavity just anterior to the vertebral 
column. As it enters the abdominal eavity, it beeomes the 

abdominal aorta. 

As you loeate the arteries on the diagram (Figure 32.2) 
showing the relationship of the aorta and its maj or branehes and 
on other anatomieal eharts and models, be aware of ways in which 
you ean make your memorization task easier. In many eases the 
name of the artery refleets the body region it travels through 
(axillary, subclavian, braehial, popliteal), the organ served (renal, 
hepatie), or the bone followed (tibial, femoral, radial, ulnar). 


Aseending Aorta 

The only branehes of the aseending aorta are the right and 
the left eoronary arteries, which supply the myocardium. 
The eoronary arteries are deseribed in conjunction with heart 
anatomy (Exercise 30). 


Aortie Areh and Thoraeie Aorta 


□ To demonstrate how effieiently venous valves prevent 
backflow of blood, perform the following simple experiment. 
Allow one hand to hang by your side until the blood vessels 
on the dorsal aspeet beeome distended. Plaee two fingertips 
against one of the distended veins and, pressing firmly, move 
the superior finger proximally along the vein and then release 
this finger. The vein will remain flattened and eollapsed de- 
spite gravity. Then remove the distal fingertip and observe the 
rapid filling of the vein. 

Check the box when you have eompleted this task. 

The transparent walls of the tiny eapillaries are only one 
eell layer thiek, eonsisting of just the endothelium underlain 
by a basal lamina, that is, the tunica intima. Because of this 
exceptional thinness, exchanges are easily made between the 
blood and tissue eells. 


AOTIVITY 1 



Examining the Mieroseopie Structure 
of Arteries and Veins 

1. Obtain a slide showing a eross-seetional view of blood 
vessels and a mieroseope. 

2. Sean the seetion to identify a thick-walled artery (use 
Figure 32.1 as a guide). Very often, but not always, an arte- 
rial lumen will appear sealloped due to the eonstrietion of its 
walls by the elastie tissue of the media. 


3. Identify a vein. Its lumen may be elongated or irregularly 
shaped and eollapsed, and its walls will be eonsiderably thin- 
ner. Notiee the differenee in the relative amount of elastie 
fibers in the media of the two vessels. Also, note the thinness 
of the intima layer, which is eomposed of flat squamous 
eells. H 


Major Systemie Arteries 
of the Body 

The aorta is the largest artery of the body. Extending upward 
as the aseending aorta from the left ventriele, it arehes poste- 
riorly and to the left (aortie areh) and then courses downward 
as the deseending aorta through the thoraeie eavity. Called the 
thoraeie aorta from T 5 to T 12 , it penetrates the diaphragm 


The braehioeephalie (literally, “arm-head”) trunk is the first 
braneh of the aortie areh (Figure32.3). The other two major 
arteries branehing off the aortie areh are the left eommon 
earotid artery and the left subclavian artery. The braehio- 
eephalie artery persists briefly before dividing into the right 
eommon earotid artery and the right subclavian artery. 

Arteries Serving the Head and Neek 

The eommon earotid artery on eaeh side divides to form an 
internal and an external earotid artery. The internal earotid 
artery serves the brain and gives rise to the ophthalmie artery 
that supplies orbital structures. The external earotid artery 
supplies the extracranial tissues of the neek and head, largely 
via its superfícial temporal, maxillary, faeial, and oeeipital 
arterial branehes. (Notiee that several arteries are shown in the 
figure that are not deseribed here. Ask your instmetor which 
arteries you are required to identify.) 

The right and left subclavian arteries eaeh give off sev- 
eral branehes to the head and neek. The first of these is the 
vertebral artery, which runs up the posterior neek to sup- 
ply the cerebellum, part of the brain stem, and the posterior 
eerebral hemispheres. Issuing just lateral to the vertebral 
artery are the thyroeervieal trunk, which mainly serves the 
thyroid gland and some scapular muscles, and the eostoeervi- 
eal trunk, which supplies deep neek muscles and some of the 
upper intereostal muscles. In the armpit, the subclavian artery 
beeomes the axillary artery, which serves the upper limb. 

Arteries Serving the Brain 

A continuous blood supply to the brain is emeial because 
oxygen deprivation for even a few minutes causes irreparable 
damage to the delieate brain tissue. The brain is supplied 
by two pairs of arteries arising from the region of the aortie 
areh—the internal earotid arteries and the vertebral arteries. 
(Figure 32.3b is a diagram of the brain’s arterial supply.) 

Within the cranium, eaeh internal earotid artery divides 
into anterior and middle eerebral arteries, which supply 
the bulk of the eerebmm. The right and left anterior eerebral 
arteries are eonneeted by a short shunt ealled the anterior 
communicating artery. This shunt, along with shunts from 
eaeh of the middle eerebral arteries, ealled the posterior 
communicating arteries, contribute to the formation of the 
eerebral arterial eirele (eirele ofWillis), an arterial anasto- 
mosis at the base of the brain surrounding the pituitary gland 
and the optie ehiasma. 
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Figure 32.3 Arteries of the head, neek, and 
brain. (a) Right aspeet. (b) Dravving of the 
eerebral arteries. Cerebellum is not shovvn 
on the left side of the figure. (e) Cerebral 
arterial eirele (eirele of VVillis) in a human 
brain. 
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The paired vertebral arteries diverge from the sub- 
elavian arteries and pass superiorly through the foramina 
of the transverse proeess of the eervieal vertebrae to enter 
the skull through the foramen magnum. Within the skull, 
the vertebral arteries unite to form a single basilar artery, 
which continues superiorly along the ventral aspeet of the 


brain stem, giving off branehes to the pons, cerebellum, 
and inner ear. At the base of the eerebram, the basilar 
artery divides to form the posterior eerebral arteries. 
These supply portions of the temporal and oeeipital lobes 
of the eerebram and eomplete the eerebral arterial eirele 
posteriorly. 
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Exercise 32 
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Figure 32.4 Arteries of the right upper limb and thorax. 


At the inferior edge of the teres major muscle, the axillary 
artery beeomes the braehial artery as it enters the arm. The 
braehial artery gives off a major braneh, the deep artery of 
the arm, and as it nears the elbow it gives off several small 
branehes. At the elbow, the braehial artery divides into the 
radial and ulnar arteries, which follow the same-named 
bones to supply the forearm and hand. 

The internal thoraeie arteries that arise from the sub- 
elavian arteries supply the mammary glands, most of the tho- 
rax wall, and anterior intereostal structures via their anterior 
intereostal artery branehes. The first two pairs of posterior 
intereostal arteries arise from the eostoeervieal trnnk, noted 
above. The more inferior pairs arise from the thoraeie aorta. 
(Not shown in Figure 32.4 are the small arteries that serve the 
diaphragm [phrenie arteries], esophagus [esophageal arter- 
ies[, bronehi [hronehial arteries], and other structures of the 
mediastinum [mediastinal and perieardial arteries].) 


The uniting of the blood supply of the internal earotid 
arteries and the vertebral arteries via the eerebral arterial eirele 
is a proteetive deviee that theoretieally provides an alternative 
set of pathways for blood to reaeh the brain tissue in the ease 
of arterial occlusion or impaired blood flow anywhere in the 
system. In actuality, the communicating arteries are tiny, and 
in many eases the communicating system is not functional. 

Arteries Serving the Thorax and Upper Limbs 

As the axillary artery runs through the axilla, it gives 
off several branehes to the ehest wall and shoulder girdle 
(Figure 32.4). These include the thoraeoaeromial artery 
(to shoulder and peetoral region), the lateral thoraeie artery 
(lateral ehest wall), the subscapular artery (to scapula and 
dorsal thorax), and the anterior and posterior circumflex 
humeral arteries (to the shoulder and the deltoid muscle). 


Abdominal Aorta 

Although several small branehes of the deseending aorta 
serve the thorax (see the previous seetion), the more major 
branehes of the deseending aorta are those serving the abdom- 
inal organs and ultimately the lower limbs (Figure 32.5). 

Arteries Serving Abdominal Organs 

The eeliae trunk (Figure 32.5a) is an unpaired artery that 
subdivides almost immediately into three branehes: the left 
gastrie artery supplying the stomaeh, the splenie artery 
supplying the spleen, and the eommon hepatie artery, which 
runs superiorly and gives off branehes to the stomaeh (right 
gastrie artery), duodenum, and panereas. Where the gastro- 
duodenal artery branehes off, the eommon hepatie artery 
beeomes the hepatie artery proper, which serves the liver. 
The right and left gastroepiploie arteries, branehes of the 
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Figure 32.5 Arteries of the abdomen. (a) The eeliae trunk and its major branehes. 
(b) Major branehes of the abdominal aorta. 


gastroduodenal and splenie arteries respeetively, serve the 
greater curvature of the stomaeh. 

The largest braneh of the abdominal aorta, the superior 
mesenterie artery (Figure 32.5b and 32.5c), supplies most 
of the small intestine (via the intestinal arteries) and the first 
half of the large intestine (via the ileoeolie and eolie arter- 
ies). Flanking the superior mesenterie artery on the left and 
right are the middle suprarenal arteries serving the adrenal 
glands that sit atop the kidneys. 


The paired renal arteries (Figure 32.5b) supply the kid- 
neys, and the gonadal arteries, arising from the ventral aortie 
surface just below the renal arteries, run inferiorly to serve 
the gonads. They are ealled ovarian arteries in the female 
and testicular arteries in the male. Sinee these vessels must 
travel through the inguinal eanal to supply the testes, they are 
eonsiderably longer in the male than the female. 

The final major braneh of the abdominal aorta is the 
inferior mesenterie artery (Figure 32.5b and 32.5c), which 
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Figure 32.5 (continued) Arteries of the abdomen. (e) Distribirtion of the superior 
and inferior mesenterie arteries, transverse eolon pulled superiorly. 




supplies the distal half of the large intestine via several 
branehes. Just below this, four pairs of lumbar arteries arise 
from the posterolateral surface of the aorta to supply the pos- 
terior abdominal wall (lumbar region). 

In the pelvie region, the deseending aorta divides into 
the two large eommon iliae arteries, which serve the pelvis, 
lower abdominal wall, and the lower limbs. 

Arteries Serving the Lower Limbs 

Eaeh of the eommon iliae arteries extends for about 5 em 
(2 inehes) into the pelvis before it divides into the internal and 
external iliae arteries (Figure 32.6). The internal iliae artery 
supplies the gluteal muscles via the superior and inferior 
gluteal arteries and the adductor muscles of the medial thigh 
via the obturator artery, as well as the external genitalia and 
perineum (via the internal pudendal artery, not illustrated). 

The external iliae artery supplies the anterior abdomi- 
nal wall and the lower limb. As it continues into the thigh, its 
name ehanges to femoral artery. Proximal branehes of the 
femoral artery, the circumflex femoral arteries, supply the 
head and neek of the femur and the hamstring muscles. 
The femoral artery gives off a deep braneh, the deep artery 
of the thigh (also ealled the deep femoral artery ), which is 
the main supply to the thigh muscles (hamstrings, quadriceps, 
and adductors). In the knee region, the femoral artery briefly 


beeomes the popliteal artery; its subdivisions—the ante- 
rior and posterior tibial arteries —supply the leg, ankle, 
and foot. The posterior tibial, which supplies flexor muscles, 
gives off one main braneh, the fíbular artery, that serves the 
lateral ealf (fibular muscles), and then divides into the lateral 
and medial plantar arteries that supply blood to the sole 
of the foot. The anterior tibial artery supplies the extensor 
muscles and terminates with the dorsalis pedis artery. The 
dorsalis pedis supplies the dorsum of the foot and continues 
on as the arcuate artery which issues the dorsal metatarsal 
arteries to the metatarsus of the foot. The dorsalis pedis is 
often palpated in patients with circulation problems of the leg 
to determine the circulatory effieieney to the limb as a whole. 

□ Palpate your own dorsalis pedis artery. 

Check the box when you have eompleted this task. 


A C T I V I T Y 2 


Loeating Arteries on an Anatomieal 
Chart or Model 

Now that you have identified the arteries in the illustra- 
tions (Figures 32.2-32.6), attempt to loeate and name them 
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Figure 32.6 Arteries of the right pelvis and lower limb. 

(a) Anterior view. (b) Posterior view. 


(without a referenee) on a large anatomieal ehart or three- 
dimensional model of the vascular system. M 


Major Systemie Veins 
of the Body 

Arteries are generally loeated in deep, well-protected body 
areas. However, many veins follow a more superficial course 
and are often easily seen and palpated on the body surface. 
Most deep veins parallel the course of the major arteries, and 
in many eases the naming of the veins and arteries is identieal 
except for the designation of the vessels as veins. Whereas the 
major systemie arteries braneh off the aorta, the veins tend 
to eonverge on the venae eavae, which enter the right atrium 
of the heart. Veins draining the head and upper extremities 
empty into the siiperior vena eava, and those draining the 
lower body empty into the inferior vena eava. The sehematie 
(Figure 32.7) of the systemie veins and their relationship to 
the venae eavae will get you started. 


Veins Draining into 
the Inferior Vena Cava 


The inferior vena eava, a much longer vessel than the superior 
vena eava, returns blood to the heart from all body regions 
below the diaphragm (see Figure 32.7). It begins in the lower 
abdominal region with the union of the paired eommon iliae 
veins, which drain venous blood from the legs and pelvis. 


Veins of the Lower Limbs 

Eaeh eommon iliae vein is formed by the union of the inter- 
nal iliae vein, draining the pelvis, and the external iliae 
vein, which reeeives venous blood from the lower limb 
(Figure 32.8). Veins of the leg include the anterior and 
posterior tibial veins, which serve the ealf and foot. The 
anterior tibial vein is a superior continuation of the dorsalis 
pedis vein of the foot. The posterior tibial vein is formed 
by the union of the medial and lateral plantar veins, and 
aseends deep in the ealf muscles. It reeeives the fíbular vein 
in the ealf and then joins with the anterior tibial vein at the 
knee to produce the popliteal vein, which erosses the baek of 
the knee. The popliteal vein beeomes the femoral vein in the 
thigh; the femoral vein in turn beeomes the external iliae vein 
in the inguinal region. 

The great saphenous vein, a superficial vein, is the lon- 
gest vein in the body. Beginning in eommon with the small 
saphenous vein from the dorsal venous areh, it extends 
up the medial side of the leg, knee, and thigh to empty into 
the femoral vein. The small saphenous vein runs along the 
lateral aspeet of the foot and through the ealf muscle, which 
it drains, and then empties into the popliteal vein at the knee 
(Figure 32.8b). 





Veins of the Abdomen 

Moving superiorly in the abdominal eavity (Figure 32.9), the 
inferior vena eava reeeives blood from the posterior abdomi- 
nal wall via several pairs of lrnnbar veins, and from the right 
ovary or testis via the right gonadal vein. (The left gonadal 
[ovarian or testicular] vein drains into the left renal vein 
superiorly.) The paired renal veins drain the kidneys. Just 
above the right renal vein, the right suprarenal vein (reeeiv- 
ing blood from the adrenal gland on the same side) drains 
into the inferior vena eava, but its partner, the left suprarenal 
vein, empties into the left renal vein inferiorly. The hepatie 
veins drain the liver. The unpaired veins draining the diges- 
tive traet organs empty into a speeial vessel, the hepatie portal 
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Figure 32.7 Sehematie of systemie venous circulation. 


vein, which earries blood to the liver to be proeessed before 
it enters the systemie venous system. (The hepatie portal sys- 
tem is discussed separately on page 484.) 

Veins Draining into 
the Superior Vena Cava 

Veins draining into the superior vena eava are named from 
the superior vena eava distally, but remember that the flow of 
blood is in the opposite direetion . 


Veins of the Head and Neek 

The right and left braehioeephalie veins drain the head, neek, 
and upper extremities and unite to form the superior vena 
eava (Figure 32.10). Notiee that although there is only one 
braehioeephalie artery, there are two braehioeephalie veins. 

Branehes of the braehioeephalie veins include the inter- 
nal jugular, vertebral, and subclavian veins. The internal jug- 
ular veins are large veins that drain the superior sagittal sinus 
and other dural sinuses of the brain. As they run inferiorly, 
they reeeive blood from the head and neek via the superficial 
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temporal and faeial veins. The vertebral veins drain the 
posterior aspeet of the head including the eervieal vertebrae 
and spinal eord. The subclavian veins reeeive venous blood 
from the upper extremity. The external jugular vein joins the 
subclavian vein near its origin to return the venous drainage 
of the extracranial (superficial) tissues of the head and neek. 

Veins of the Upper Limb and Thorax 

As the subclavian vein passes through the axilla, it beeomes 
the axillary vein and then the braehial vein as it courses 
along the posterior aspeet of the humerus (Figure 32.1 1 ). The 
braehial vein is formed by the union of the deep radial and 
ulnar veins of the forearm. The superficial venous drainage 
of the arm includes the eephalie vein, which courses along the 
lateral aspeet of the arm and empties into the axillary vein; the 
basilie vein, found on the medial aspeet of the arm and enter- 
ing the braehial vein; and the median cubital vein, which runs 
between the eephalie and basilie veins in the anterior aspeet 
of the elbow (this vein is often the site of ehoiee for removing 
blood for testing purposes). The median antebraehial vein 
lies between the radial and ulnar veins, and terminates variably 
by entering the eephalie or basilie vein at the elbow. 

The azygos system (Figure 32.11) drains the intereos- 
tal muscles of the thorax and provides an aeeessory venous 
system to drain the abdominal wall. The azygos vein, which 
drains the right side of the thorax, enters the dorsal aspeet 
of the superior vena eava immediately before that vessel 
enters the right atrium. Also part of the azygos system are the 
hemiazygos (a continuation of the left aseending lumbar 
vein of the abdomen) and the aeeessory hemiazygos veins, 
which together drain the left side of the thorax and empty into 
the azygos vein. 


A C T I V I T Y 3 


Identifying the Systemie Veins 

Identify the important veins of the systemie circulation on 
the large anatomieal ehart or model without referring to the 
figures. H 

Speeial Circulations 

Pulmonary Circulation 

The pulmonary circulation (discussed previously in relation 
to heart anatomy on page 446) differs in many ways from 
systemie circulation because it does not serve the metabolie 
needs of the body tissues with which it is assoeiated (in this 
ease, lung tissue). It functions instead to bring the blood 
into elose eontaet with the alveoli of the lungs to permit 
gas exchanges that rid the blood of excess earbon dioxide 
and replenish its supply of vital oxygen. The arteries of the 
pulmonary circulation are structurally much like veins, and 
they ereate a low-pressure bed in the lungs. (If the arterial 
pressure in the systemie circulation is 120/80, the pressure in 
the pulmonary artery is likely to be approximately 24/8.) The 
functional blood supply of the lungs is provided by the bron- 
ehial arteries (not shown), which diverge from the thoraeie 
portion of the deseending aorta. 

Pulmonary circulation begins with the large pulmonary 
trunk, which leaves the right ventriele and divides into the 
right and left pulmonary arteries about 5 em (2 inehes) 


Popliteal 


vein 


Small 
saphenous 
vein 


Fibular 

vein 


Anterior 
tibial vein 


Dorsalis 
pedis vein 


Dorsal 
venous 
areh 


Dorsal 
metatarsal 
veins 




Common iliae vein 
Internal iliae vein 


External iliae vein 


lnguinal ligament 


Femoral vein 

Great saphenous 
vein (superficial) 


Great 

saphenous 

vein 

Popliteal 

vein 

Anterior 
tibial vein 

Fibular 

vein 


Small 

saphenous 

vein 

(superficial) 


Posterior 

tibial 

vein 


Plantar 

veins 

Deep 

plantar areh 
Digital veins 


(a) Anterior view 


(b) Posterior view 


Figure 32.8 Veins of the right pelvis and lovver limb. 

(a) Anterior view. (b) Posterior view. 


above its origin. The right and left pulmonary arteries plunge 
into the lungs, where they subdivide into lobar arteries (three 
on the right and two on the left). The lobar arteries aeeom- 
pany the main bronehi into the lobes of the lungs and braneh 
extensively within the lungs to form arterioles, which finally 
terminate in the eapillary networks surrounding the alveolar 
saes of the lungs. Diffusion of the respiratory gases occurs 
aeross the walls of the alveoli and pulmonary eapillaries. 
The pulmonary eapillary beds are drained by venules, which 
eonverge to form sequentially larger veins and finally the four 
pulmonary veins (two leaving eaeh lung), which return the 
blood to the left atrium of the heart. 
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Exercise 32 


Hepatie veins 


Inferior vena eava — 
Right siiprarenal vein 


Right gonadal vein 


External iliae vein 



Inferior phrenie vein 


Left suprarenal vein 


Renal veins 


Left aseending 
lumbar vein 

Lumbar veins 
Left gonadal vein 

Common iliae vein 


Internal iliae vein 


Figure 32.9 Venous drainage of abdominal organs not drained by the hepatie 
portal vein. 


Ophthalmie vein 


Superficial 
temporal vein 


Faeial vein 


Oeeipital vein 


Posterior 
auricular vein 


External 
jugular vein 


Vertebral vein 


Internal jugular 


vein 



Superior and middle 
thyroid veins 


Braehioeephalie 

vein 


Subclavian 

vein 


Superior 


vena eava 


Superior sagittal 


sinus 


Falx eerebri 

Inferior sagittal 
sinus 

Straight sinus 

Cavernous 
sinus 

Confluence of 
sinuses 

Transverse 
sinuses 

Sigmoid sinus 

Jugular foramen 

Right internal 
jugular vein 



(a) 


(b) 


Figure 32.10 Venous drainage of the head, neek, and brain. (a) Veins of the head 
and neek, right superficial aspeet. (b) Dural sinuses of the brain, right aspeet. 
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Braehioeephalie veins 


Right subclavian vein 


Axillary vein 


Braehial vein 


Cephalic vein 


Basilie vein 


Median cubital vein 


Median 


antebraehial 

vein 


Cephalic vein 


Radial vein 



Internal jugular vein 
External jugular vein 


Left subclavian vein 


Superficial venous 
palmar areh 


Digital veins 


Superior vena eava 
Azygos vein 

Aeeessory hemiazygos vein 


Hemiazygos vein 


Posterior intereostals 


Inferior vena eava 


Aseending lumbar vein 


indieate where the vessel would be loeated in the se- 
quence. Try to use only eaeh other. Refrain from using 
a figure or other referenee to help with your deeision. 
Note: The missing vessel will not be at the beginning or 
end of the sequence. 

aortie areh —» R. subclavian artery —» R. axillary 

R. braehial artery —» R. radial artery —> R. su- 
perfieial palmar areh 


abdominal aorta 


eommon iliae artery 


R. femoral artery —> R. popliteal artery —> R. anterior 
tibial artery —> R. dorsalis pedis artery 


Figure 32.11 Veins of the thorax and right upper limb. 

For elarity, the abundant branehing and anastomoses of 
these vessels are not shovvn. 


GROUP GHALLENGE 


Fix the Blood Traee 

Several artery or vein sequences are listed below. Work- 
ing in small groups, deeide if eaeh sequence of blood ves- 
sels is eorreet or if a blood vessel is missing. If eorreet, 
simply write “all eorreet.” If ineorreet, list the missing 
vessel and draw an insertion mark (“v”) on the arrow to 


3. aseending aorta —> aortie areh —> L. eommon earotid 
artery —> L. internal earotid artery —> L. anterior eerebral 
artery 


4. R. median antebraehial vein —> R. basilie vein —> 
R. axillary vein —> R. braehioeephalie vein —> superior 
vena eava 
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Exercise 32 


Left piilmonary 
artery 


Aortie areh 


Pulmonary trunk 


Right pulmonary 
artery 


Three lobar arteries 
to right lung 


Right 
pulmonary 
veins 

Right 
atrium 


Right 
ventriele 



Two lobar arteries 
to left lung 


Left 

pulmonary 

veins 

Left atrium 


Figure 32.12 The piilmonary circulation. The pulmonary arterial system is shovvn 
in blue to indieate that the blood it earries is relatively oxygen-poor. The pulmonary 
venous drainage is shovvn in red to indieate that the blood it transports is 
oxygen-rich. 


AOTIVITY 4 


Identifying Vessels 

of the Pulmonary Circulation 

Find the vessels of the pulmonary circulation in the illustra- 
tion (Fígure 32.12) and on an anatomieal ehart (if one is 
available). H 

Fetal Circulation 

In a developing fetus, the lungs and digestive system are not yet 
functional, and all nutrient, excretory, and gaseous exchanges 
occur through the plaeenta (Figure 32.13a). Nutrients and 
oxygen move aeross plaeental barriers from the mother’s blood 
into fetal blood, and earbon dioxide and other metabolie wastes 
move from the fetal blood supply to the mother’s blood. 


A C T I V I T Y 5 


Traeing the Pathvvay of Fetal Blood Flow 

Traee the pathway of fetal blood flow using the illustra- 
tion of fetal structures (Figure 32.13a) and an anatomieal 
ehart (if available). Loeate all the named vessels. Identify the 
named remnants of the foramen ovale and fetal vessels (use 
Figure 32.13b). wm 

Fetal blood travels through the umbilical eord, which 
eontains three blood vessels: one large umbilical vein and 


two smaller umbilical arteries. The umbilical vein earries 
blood rieh in nutrients and oxygen to the fetus; the umbilical 
arteries earry earbon dioxide and waste-laden blood from the 
fetus to the plaeenta. The umbilical arteries, which transport 
blood away from the fetal heart, meet the umbilical vein at 
the umbilicus (navel, or belly button) and wrap around the 
vein within the eord en route to their plaeental attaehments. 
Newly oxygenated blood flows in the umbilical vein superi- 
orly toward the fetal heart. Some of this blood perfuses the 
liver, but the larger proportion is ducted through the relatively 
nonfunctional liver to the inferior vena eava via a shunt ves- 
sel ealled the ductus venosus, which earries the blood to the 
right atrium of the heart. 

Because fetal lungs are nonfunctional and eollapsed, 
two shunting meehanisms ensure that blood almost entirely 
bypasses the lungs. Much of the blood entering the right 
atrium is shunted into the left atrium through the foramen 
ovale, a flaplike opening in the interatrial septum. The left ven- 
triele then pumps the blood out the aorta to the systemie circu- 
lation. Blood that does enter the right ventriele and is pumped 
out of the pulmonary trnnk encounters a seeond shunt, the 
ductus arteriosus, a short vessel eonneeting the pulmonary 
trnnk and the aorta. Because the eollapsed lungs present an 
extremely high-resistanee pathway, blood more readily enters 
the systemie circulation through the ductus arteriosus. 

The aorta earries blood to the tissues of the body; this 
blood ultimately finds its way baek to the plaeenta via the 
mnbilieal arteries. The only fetal vessel that earries highly 
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Fetus 


Newborn 


Á 




(a) 


r 
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L ^ 
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■B 


fí 
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A 
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Aortie areh 


Superior vena eava 


Ductus arteriosus 

I 

Ligamentum arteriosum 


Piilmonary artery 

Piilmonary veins 
Heart 
Lung 


Foramen ovale 




Fossa ovalis 


Liver 


Ductus venosus 


I 

Ligamentum venosum 


Hepatie portal vein 


Llmbilieal vein 


I 

Ligamentum teres 


Inferior vena eava 


Umbilicus 


Abdominal aorta 


Common iliae artery 


Llmbilieal arteries 


Medial umbilical ligaments 



Urinary bladder 



llmbilieal eord 


Plaeenta 


(b) 




High oxygenation 

Moderate oxygenation 
Low oxygenation 
Very low oxygenation 



32 



Figure 32.13 Circulation in fetus and nevvborn. Arrovvs indieate direetion of blood 
flow. Arrows in the blue boxes go from the fetal structure to what it beeomes after 
birth. (a) Speeial adaptations for embryonie and fetal life. The umbilical vein (red) 
earries oxygen- and nutrient-rich blood from the plaeenta to the fetus. The umbilical 
arteries (pink) earry waste-laden blood from the fetus to the plaeenta. (b) ehanges in 
the cardiovascular system at birth. The umbilical vessels are occluded # as are the liver 
and lung bypasses (ductus venosus and arteriosus # and the foramen ovale). 
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Exercise 32 


Hepatie veins 


Liver 


Hepatie portal vein 


Small intestine 


Rectum 



Gastrie veins 
Spleen 


Splenie vein 


Right 

gastroepiploie vein 
Inferior 

mesenterie vein 


Superior 
mesenterie vein 


Large intestine 


Figure 32.14 Hepatie portal circulation. 


oxygenated blood is the umbilical vein. All other vessels eon- 
tain varying degrees of oxygenated and deoxygenated blood. 

At birth, or shortly after, the foramen ovale eloses and 
beeomes the fossa ovalis, and the ductus arteriosus eollapses 
and is eonverted to the fibrous ligamentum arteriosum 
(Figure 32.13b). Laek of blood flow through the umbilical 
vessels leads to their eventual obliteration, and the circulatory 
pattern beeomes that of the adult. Remnants of the umbilical 
arteries persist as the medial umbilical ligaments on the 
inner surface of the anterior abdominal wall; the occluded 
umbilical vein beeomes the ligamentum teres (or round 
ligament of the liver); and the ductus venosus beeomes a 
fibrous band ealled the ligamentmn venosum on the inferior 
surface of the liver. 


ways for release to the general circulation. At the same time, 
the hepatoeytes are detoxifying aleohol and other possibly 
harmful ehemieals present in the blood, and the liver’s mae- 
rophages are removing baeteria and other debris from the 
passing blood. The liver in turn is drained by the hepatie veins 
that enter the inferior vena eava. 


ACTI VITY 6 


Traeing the Hepatie Portal Circulation 

Loeate on the art (Figure 32.14), and on an anatomieal ehart 
of the hepatie portal circulation (if available), the vessels 
named below. M 



Hepatie Portal Circulation 

Blood vessels of the hepatie portal circulation drain the diges- 
tive viseera, spleen, and panereas and deliver this blood to the 
liver for proeessing via the hepatie portal vein. If a meal has 
reeently been eaten, the hepatie portal blood will be nutrient- 
rieh. The liver is the key body organ involved in maintaining 
proper sugar, fatty aeid, and amino aeid eoneentrations in 
the blood, and this system ensures that these substances pass 
through the liver before entering the systemie circulation. 
As blood pereolates through the liver sinusoids, some of the 
nutrients are removed to be stored or proeessed in various 


The inferior mesenterie vein, draining the distal por- 
tions of the large intestine, joins the splenie vein, which drains 
the spleen and part of the panereas and stomaeh. The splenie 
vein and the superior mesenterie vein, which reeeives blood 
from the small intestine and the aseending and transverse 
eolon, unite to form the hepatie portal vein. The left gastrie 
vein, which drains the lesser curvature of the stomaeh, drains 
direetly into the hepatie portal vein. 

For instmetions on animal disseetions, see the dissee- 
tion exercises (starting on page 697) in the eat and fetal 
pig editions of this manual. 
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Lab Time/Date 
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B ood Vesse s 
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Mieroseopie Structure of the Blood Vessels 

1. Cross-sectional views of an artery and of a vein are shown here. Identify eaeh; on the lines to the sides, note the structural 
details that enabled you to make these identifieations: 


(vessel type) 


(a) 


(b) 




(vessel type) 


(a) 


(b) 


Now deseribe eaeh tunic more fully by seleeting its eharaeteristies from the key below and plaeing the appropriate key 
letters on the answer lines. 


Tunica intima 


Tunica media 


Tunica externa 







> 



Key: 

a. innermost tunic 

b. most superficial tunic 
e. thin tunic of eapillaries 


d. espeeially thiek in elastie arteries 

e. eontains smooth muscle and elastin 

f. has a smooth surface to deerease resistanee to blood flow 


2. Why are valves present in veins but not in arteries? 


3. Name two events occurring within the body that aid in venous return. 

_and_ 

4. Why are the walls of arteries proportionately thieker than those of the eorresponding veins? 
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Revievv Sheet 32 


Major Systemie Arteries and Veins of the Body 


5. Use the key on the right to identify the arteries or veins deseribed on the left. 

Some terms are used more than onee. 

_1. the arterial system has one of these; the venous system has two 

_2. these arteries supply the myocardium 

_,_3. two paired arteries serving the brain 

_4. longest vein in the lower limb 

_5. artery on the dorsum of the foot eheeked after leg surgery 

_6. serves the posterior thigh 

_7. supplies the diaphragm 

_8. formed by the union of the radial and ulnar veins 

_,_9. two superficial veins of the arm 

_10. artery serving the kidney 

_11. veins draining the liver 

_12. artery that supplies the distal half of the large intestine 

_13. drains the pelvie organs 

_14. what the external iliae artery beeomes on entry into the thigh 

_15. artery that branehes into radial and ulnar arteries 

_16. supplies most of the small intestine 

_17. join to form the inferior vena eava 

_18. an arterial trnnk that has three major branehes, which run to the 

liver, spleen, and stomaeh 

_19. major artery serving the tissues external to the skull 

_,_,_,_20. four veins 

serving the leg 

_21. artery generally used to take the pulse at the wrist 

6. What is the function of the eerebral arterial eirele? 


Key: a. 

b. 

e. 

d. 

e. 

f. 

g- 

h. 

ì. 

J- 

k. 

l . 

m. 

n. 

o. 

P- 

q- 

r. 

s. 

t. 

u. 

V. 

w. 

X. 

y- 

z. 


anterior tibial 
basilie 
braehial 
braehioeephalie 
eeliae trnnk 
eephalie 
eommon earotid 
eommon iliae 
eoronary 

deep artery of the thigh 
dorsalis pedis 
external earotid 
femoral 
fibular 

great saphenous 
hepatie 

inferior mesenterie 

internal earotid 

internal iliae 

phrenie 

posterior tibial 

radial 

renal 

subclavian 
superior mesenterie 
vertebral 


7. The anterior and middle eerebral arteries arise from the_artery. 

They serve the_of the brain. 

8. Traee the pathway of a drop of blood from the aorta to the left oeeipital lobe of the brain, noting all structures through which 

it flows_ 
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9. The human arterial and venous systems are diagrammed on this page and the next. Identify all indieated blood vessels. 



Arteries 
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Veins 
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10. Traee the blood flow for eaeh of the following situations. 

a. from the eapillary beds of the left thumb to the eapillary beds of the right thumb: 


b. from the mitral valve to the tricuspid valve by way of the great toe: 


Pulmonary Circulation 

11. Traee the pathway of a earbon dioxide gas molecule in the blood from the inferior vena eava until it leaves the bloodstream. 
Name all structures (vessels, heart ehambers, and others) passed through en route. 


12. Traee the pathway of oxygen gas molecules from an alveolus of the lung to the right ventriele of the heart. Name all structures 
through which it passes. Circle the areas of gas exchange_ 


13. Most arteries of the adult body earry oxygen-rich blood, and the veins earry oxygen-poor blood. 
How does this differ in the pulmonary arteries and veins?_ 


14. How do the arteries of the pulmonary circulation differ structurally from the systemie arteries? What eondition is indieated 


by this anatomieal differenee? 
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Fetal Circulation 

15. For eaeh of the following structures, first indieate its function in the fetus; and then note its fate (what happens to it or what 
it is eonverted to after birth). Circle the blood vessel that earries the most oxygen-rich blood. 


Structure 

Function in fetus 

Fate 

Llmbilieal artery 



Llmbilieal vein 



Ductus venosus 



Ductus arteriosus 



Foramen ovale 




16. What organ serves as a respiratory/digestive/excretory organ for the fetus? 

Hepatie Portal Circulation 

17. What is the source of blood in the hepatie portal system?_ 


18. Why is this blood earried to the liver before it enters the systemie circulation? 


19. The hepatie portal vein is formed by the union of (a)_, which drains the 


and (b)_, which drains the_and_. 

The_vein, which drains the lesser curvature of the stomaeh, empties direetly into the hepatie portal 

vein. 

20. Traee the flow of a drop of blood from the small intestine to the right atrium of the heart, noting all structures encountered 
or passed through on the way_ 


























MATERIALS 

□ Reeording of "Interpreting Heart 
Sounds" (if available on free loan from 
the loeal ehapters of the Ameriean 
Heart Assoeiation) or any of the 
suitable Internet sites on heart sounds 

□ Stethoseope 

□ Aleohol svvabs 

□ Watch (or eloek) with seeond hand 

B lOPflf BIOPAC® BSL System 

for Windows with BSL 

software version 3.7.5 to 3.7.7, or BSL 

System for Mae OS X with BSL software 

version 3.7.4 to 3.7.7, MP36/35 or MP45 

data acquisition unit, PC or Mae eom- 

puter, BIOPAC® pulse plethysmograph 


lnstructors using the MP36 (or MP35/30) data 
acquisition unit with BSLsoftware versions 
earlier than 3.7.5 (for Windows) and 3.7.4 
(for Mae Os X) will need slightly different 
ehannel settings and eolleetion strategies. 
lnstructions for using the older data acquisi- 
tion unit ean be found on MasteringA&P. 

□ Sphygmomanometer 

□ Felt marker 

□ Meter stiek 

□ Cot (if available) 

□ Step stools (0.4 m [16 in.] and 0.5 m 
[20 in.] in height) 

□ Small basin suitable for the immersion 
of one hand 

□ lee 

□ Laboratory thermometer 


PEx 


PhysioEx™ 9.1 Computer Simulation 
Ex. 5 on p. PEx-75 


Note: instmetions for using PowerLab® 
equipment ean be found on MasteringA&P. 



MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



Human Cardiovascular 
Physiology: Blood Pressure 
and Pulse Determinations 



OBJEGTIVES 


> 


1. Define systole, diastole, and eardiae eyele. 

2. indieate the normal length of the eardiae eyele, the relative pressure 
ehanges occurring within the atria and ventrieles, the timing of valve 


closure, and the volume ehanges occurring in the ventrieles during the eyele 



3. Correlate the events of the ECG with the events of the eardiae eyele. 

4. Use the stethoseope to auscultate heart sounds, relate heart sounds to 
eardiae eyele events, and deseribe the elinieal signifieanee of heart murmurs. 


5. Demonstrate thoraeie loeations where the first and seeond heart sounds are 
most accurately auscultated. 


6. Define pulse, pulse pressure, pulse defieit, blood pressure, sounds of 
Korotkoff, and MAP. 


7. Determine a subject's apieal and radial pulse. 

8. Determine a subject's blood pressure with a sphygmomanometer, and relate 
systolie and diastolie pressures to events of the eardiae eyele. 

9. Compare the value of venous pressure to systemie blood pressure, and 
deseribe how venous pressure is measured. 

10. Investigate the effeets of exercise on blood pressure, pulse, and 
cardiovascular fitness. 


11. indieate faetors affeeting blood flow and skin eolor. 


PRE-LAB Q U I Z 

1. Circle the eorreet underlined term. Aeeording to general usage, systole / 
diastole refers to ventricular relaxation. 

2. A graph illustrating the pressure and volume ehanges during one heartbeat 
is ealled the 

a. blood pressure e. conduction system of the heart 

b. eardiae eyele d. eleetrieal events of the heartbeat 

3. Circle True or False. When ventricular systole begins, intraventricular 
pressure inereases rapidly, elosing the atrioventricular (AV) valves. 

4. The average heart beats approximately_times per minute. 

a. 50 e. 100 

b. 75 d. 125 

5. Circle the eorreet underlined term. Abnormal heart sounds ealled murmurs / 
stroke ean indieate valve problems. 

6. The term_refers to the alternating surges of pressure in an artery 

that occur with eaeh eontraetion and relaxation of the left ventriele. 

a. diastole e. pulse 

b. murmur d. systole 

(Text continues on next page.) 
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Exercise 33 


7. Circle the eorreet underlined term. The pulse is most 
often taken at the lateral aspeet of the vvrist, above the 
thumb, by eompressing the popliteal / radial artery. 

8. What deviee vvill you use today to measure your 
subject's blood pressure? 


9. In reporting a blood pressure of 120/90, vvhieh number 
represents the diastolie pressure?_ 


10. The_are eharaeteristie sounds that indieate the 

resumption of blood flovv to the artery being occluded 
vvhen taking blood pressure. 

a. eetopie heartbeats 

b. heart murmurs 
e. heart rhythms 

d. sounds of Korotkoff 


A ny eomprehensive study of human cardiovascular 

physiology takes much more time than a single labo- 
ratory period. However, it is possible to conduct in- 
vestigations of a few phenomena such as pulse, heart sounds, 
and blood pressure, all of which refleet the heart in aetion 
and the function of blood vessels. (The eleetroeardiogram is 
studied separately in Exercise 31.) A discussion of the eardiae 
eyele will provide a basis for understanding and interpreting 
the various physiologieal measurements taken. 

Cardiac Cycle 

In a healthy heart, the two atria eontraet simultaneously. As 
they begin to relax, the ventrieles eontraet simultaneously. 
Aeeording to general usage, the terms systole and diastole 
refer to events of ventricular eontraetion and relaxation, 
respeetively. The eardiae eyele is equivalent to one eomplete 
heartbeat—during which both atria and ventrieles eontraet 
and then relax. It is marked by a succession of ehanges in 
blood volume and pressure within the heart. 

The events of the eardiae eyele for the left side of the 
heart ean be graphed in several ways (Figure 33.1). Although 
pressure ehanges in the right side are less dramatie than those 
in the left, the same relationships apply. 

We will begin the discussion of the eardiae eyele with 
the heart in eomplete relaxation (diastole). At this point, 
pressure in the heart is very low, blood is flowing passively 
from the pulmonary and systemie circulations into the atria 
and on through to the ventrieles; the semilunar valves are 
elosed, and the AV valves are open. Shortly, atrial eontrae- 
tion occurs and atrial pressure inereases, foreing residual 
blood into the ventrieles. Then ventricular systole begins 
and intraventricular pressure inereases rapidly, elosing the 
AV valves. When ventricular pressure exceeds that of the 
large arteries leaving the heart, the semilunar valves are 
foreed open, and the blood in the ventricular ehambers is 
expelled through the valves. During this phase, the aortie 
pressure reaehes approximately 120 mm Hg in a healthy 
young adult. During ventricular systole, the atria relax and 
their ehambers fill with blood, which results in gradually 
inereasing atrial pressure. At the end of ventricular systole, 
the ventrieles relax; the semilunar valves snap shut, prevent- 
ing backflow, and momentarily, the ventrieles are elosed 
ehambers. When the aortie (semilunar) valve snaps shut, 
a momentary inerease in the aortie pressure results from 
the elastie reeoil of the aorta after valve closure. This event 
results in the pressure fluctuation ealled the dierotie noteh 
(see Figure 33.la). As the ventrieles relax, the pressure 


within them begins to drop. When intraventricular pressure 
is again less than atrial pressure, the AV valves are foreed 
open, and the ventrieles again begin to fill with blood. Atrial 
and aortie pressures deerease, and the ventrieles rapidly 
refill, eompleting the eyele. 

The average heart beats approximately 7 5 beats per min- 
ute, and so the length of the eardiae eyele is about 0.8 see- 
ond. Of this time period, atrial eontraetion occupies the first 
0.1 seeond, which is followed by atrial relaxation and ven- 
tricular eontraetion for the next 0.3 seeond. The remaining 
0.4 seeond is a period of total heart relaxation, the quiescent 
period. When the heart beats at a more rapid paee than nor- 
mal, the quiescent period deereases. 

Notiee that two different types of events eontrol the 
movement of blood through the heart: the alternate eontrae- 
tion and relaxation of the myocardium, and the opening and 
elosing of valves, which is entirely dependent on the pressure 
ehanges within the heart ehambers. 

Study the eardiae eyele illustration (Figure 33.1) eare- 
fully to make sure you understand what has been discussed 
before continuing with the next portion of the exercise. 


Heart Sounds 

Sounds heard in the cardiovascular system result from turbu- 
lent blood flow. Two distinet sounds ean be heard during eaeh 
eardiae eyele. These heart sounds are eommonly deseribed 
by the monosyllables ‘Tub” and “dup”; and the sequence is 
designated lub-dup, pause, lub-dup, pause, and so on. The 
first heart sound (lub) is referred to as S^ and is assoeiated 
with closure of the AV valves at the beginning of ventricular 
systole. The seeond heart sound (dup), ealled S 2 , occurs as the 
semilunar valves elose and eorresponds with the end of sys- 
tole. (Figure 33.la indieates the eorrelation of heart sounds 
with events of the eardiae eyele.) 

□ Fisten to the reeording “Interpreting Heart Sounds” or 
another suitable reeording so that you may hear both normal 
and abnormal heart sounds. 


Check the box when you have eompleted the task. 

Abnormal heart sounds are ealled murmurs and 
often indieate valvular problems. In valves that do 
not elose tightly, closure is followed by a swishing sound due 
to the backflow of blood (regurgitation). Distinet sounds, 
often deseribed as high-pitehed sereeehing, are assoeiated 
with the tortuous flow of blood through eonstrieted, or ste- 
nosed, valves. + 
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Atrioventricular valves 
Aortie and pulmonary valves 


(a) 


Phase 


Left atriiim 


Right atrium 
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Ventricular 

filling 


Atrial 

eontraetion 


lsovolumetric 
eontraetion phase 


Ventricular 
ejeetion phase 


lsovolumetric 

relaxation 


Ventricular 

filling 







Ventricular filling 
(mid-to-late diastole) 


Ventricular systole 
(atria in diastole) 


Early diastole 



Figure 33.1 Summary of events occurring in the heart during the eardiae eyele. 

(a) An ECG traeing is superimposed on the graph (top) so that eleetrieal events ean 
be related to pressure and volume ehanges (eenter) in the left side of the heart. 
Pressures are lovver in the right side of the heart. Time occurrence of heart sounds is 
also indieated. (EDV = end diastolie volome, SV = stroke volome, ESV = end systolie 
volume) (b) Events of phases 1 through 3 of the eardiae eyele are diagrammed. 
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Exercise 33 


— Aortie valve: 

sounds are heard in 
2 nd intereostal spaee 
at right sternal margin 



Pulmonary valve: 

sounds are heard in 
2 nd intereostal spaee 
at left sternal margin 


Mitral valve: 

sounds are heard 
over heart apex, in 
5 th intereostal spaee 
in line with middle 
of elaviele 


Tricuspid valve: 

sounds are typieally 
heard in right sternal 
margin of 5 th intereostal 
spaee; variations include 
over sternum or over left 
sternal margin in 5 th 
intereostal spaee 


Figure 33.2 Areas of the thorax vvhere heart sounds ean 
best be deteeted. 


A C T I V I T Y 1 



Auscultating Heart Sounds 

In the following procedure, you will auscultate (listen to) your 
partner’s heart sounds with an ordinary stethoseope. Several 
more sophistieated heart-sound amplifieation systems are on 
the market, and your instmetor may prefer to use one if it is 
available. If so, direetions for the use of this apparatus will be 
provided by the instmetor. 

1. Obtain a stethoseope and some aleohol swabs. Heart 
sounds are best auscultated if the subject’s outer elothing is 
removed, so a male subject is preferable. 

2. With an aleohol swab, elean the earpieees of the stetho- 
seope. Allow the aleohol to dry. Notiee that the earpieees 
are angled. For eomfort and best auscultation, the earpieees 
should be angled in a forward direetion when plaeed into 
the ears. 

3. Don the stethoseope. Plaee the diaphragm of the stetho- 
seope on your partner’s thorax, just to the sternal side of the 
left nipple at the fifth intereostal spaee, and listen carefully for 
heart sounds. The first sound will be a longer, louder (more 
booming) sound than the seeond, which is short and sharp. 
After listening for a couple of minutes, try to time the pause 
between the seeond sound of one heartbeat and the first sound 
of the subsequent heartbeat. 

How long is this interval?_see 


How does it eompare to the interval between the first and 
seeond sounds of a single heartbeat? 


4. To differentiate individual valve sounds somewhat more 
preeisely, auscultate the heart sounds over speeifie thoraeie 
regions. (Refer to Figiire 33.2 for positioning of the stetho- 
seope.) 

Auscultation ofAV Valves 

As a mle, the mitral valve eloses slightly before the tricuspid 
valve. You ean hear the mitral valve more elearly if you plaee 
the stethoseope over the apex of the heart, which is at the 
fifth intereostal spaee, approximately in line with the middle 
region of the left elaviele. Listen to the heart sounds at this 
region; then move the stethoseope medially to the right mar- 
gin of the sternum to auscultate the tricuspid valve. Can you 
deteet the slight lag between the closure of the mitral and 
tricuspid valves? 


There are normal variations in the site for “best” aus- 
cultation of the tricuspid valve. These range from the right 
sternal margin over the fifth intereostal spaee (depieted in 
Figure 33.2) to over the sternal body in the same plane, to 
the left sternal margin over the fifth intereostal spaee. If you 
have difficulty hearing closure of the tricuspid valve, try one 
of these other loeations. 

Auscultation of Semilunar Valves 

Again there is a slight dissynehrony of valve closure; the 
aortie valve normally snaps shut just ahead of the pulmonary 
valve. If the subject inhales deeply but gently, filling of the 
right ventriele (due to deereased intrapulmonary pressure) 
and closure of the pulmonary valve will be delayed slightly. 
The two sounds ean therefore be heard more distinetly. 

Position the stethoseope over the seeond intereostal 
spaee, just to the right of the sternum. The aortie valve is best 
heard at this position. As you listen, have your partner take a 
deep breath. Then move the stethoseope to the left side of the 
sternum in the same line, and auscultate the pulmonary valve. 
Listen carefully; try to hear the “split” between the closure of 
these two valves in the seeond heart sound. 

Although at first it may seem a bit odd that the pulmonary 
valve issuing from the right heart is heard most elearly to the 
left of the sternum and the aortie valve of the left heart is best 
heard at the right sternal border, this is easily explained by 
reviewing heart anatomy. Because the heart is twisted, with 
the right ventriele forming most of the anterior ventricular 
surface, the pulmonary trnnk actually erosses to the left as it 
issues from the right ventriele. Similarly, the aorta issues from 
the left ventriele at the left side of the pulmonary trank before 
arehing up and over that vessel. M 

The Piilse 

The term pulse refers to the alternating surges of pressure 
(expansion and then reeoil) in an artery that occur with eaeh 
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eontraetion and relaxation of the left ventriele. This differenee 
between systolie and diastolie pressure is ealled the pulse 
pressure. (See page 499.) Normally the pulse rate (pressure 
surges per minute) equals the heart rate (beats per minute), 
and the pulse averages 70 to 76 beats per minute in the rest- 
ing state. 

Parameters other than pulse rate are also useful elini- 
eally. You may also assess the regularity (or rhythmieity) 
of the pulse, and its amplitude and/or tension—does the 
blood vessel expand and reeoil (sometimes visibly) with the 
pressure waves? Can you feel it strongly, or is it difficult to 
deteet? Is it regular like the tieking of a eloek, or does it seem 
to skip beats? 


AGTIVITY 2 


Palpating Superficial Pulse Points 

The pulse may be felt easily on any superficial artery when 
the artery is eompressed over a bone or fìrm tissue. Palpate the 
following pulse or pressure points on your partner by plaeing 
the fingertips of the first two or three fingers of one hand over 
the artery. It helps to eompress the artery firmly as you begin 
your palpation and then immediately ease up on the pres- 
sure slightly. In eaeh ease, notiee the regularity of the pulse, 
and assess the degree of tension or amplitude. (Figure 33.3 
illustrates the superficial pulse points to be palpated.) Check 
off the boxes as you loeate eaeh pulse point. 

□ Siiperfieial temporal artery: Anterior to the ear, in the 
temple region. 

□ Faeial artery: Clench the teeth, and palpate the pulse 
just anterior to the masseter muscle on the mandible (in line 
with the eorner of the mouth). 

□ Common earotid artery: At the side of the neek. 

Braehial artery: In the cubital fossa, at the point where it 
bifurcates into the radial and ulnar arteries. 

□ Radial artery: At the lateral aspeet of the wrist, above 
the thumb. 

□ Femoral artery: In the groin. 

□ Popliteal artery: At the baek of the knee. 

□ Posterior tibial artery: Just above the medial malleolus. 

□ Dorsalis pedis artery: On the dorsum of the foot. 

Which pulse point had the greatest amplitude? 


Which had the least?_ 

Can you offer any explanation for this? 


Siiperfieial temporal artery 


Faeial artery 


Common earotid artery 


Braehial artery 


Radial artery 


Femoral artery 


Popliteal artery 


Posterior tibial 
artery 


Dorsalis pedis 
artery 



Figure 33.3 Body sites where the pulse is most easily 
palpated. 


Because of its easy aeeessibility, the pulse is most often 
taken on the radial artery. With your partner sitting quietly, 
praetiee counting the radial pulse for 1 minute. Make three 
counts and average the results. 

count 1_count 2 

count 3_average 

Due to the elastieity of the arteries, blood pressure 
deereases and smooths out as blood moves farther away 
from the heart. A pulse, however, ean still be felt in the 
fingers. A deviee ealled a plethysmograph or a piezoeleetrie 
pulse transducer ean measure this pulse. 



AOTIVITY 3 


Measuring Pulse Using BIOPAC® 

Setting Up the Equipment 

1. Connect the BIOPAC® unit to the computer and turn the 
computer ON. 

2. Make sure the BIOPAC® unit is OFF. 

3. Plug in the equipment (as shown in Figure 33.4). 

• Pulse transducer (plethysmograph)—CH 2 

4. Turn the BIOPAC® unit ON. 






























496 


Exercise 33 


BIOPAC® MP36/35 unit 



Figure 33.4 Setting up the BIOPAC®equipment. 

Plug the pulse tranducer into ehannel 2. 


5. Wrap the pulse transducer around the tip of the index fin- 
ger (as shown in Figure 33.5). Wrap the Velero around the 
finger gently (if wrapped too tight, it will reduce circulation 
to the finger and obscure the reeording). Do not wiggle the 
finger or move the plethysmograph eord during reeording. 

6. Have the subject sit down with the forearms supported 
and relaxed. 

7. Start the BIOPAC® Student Lab program on the computer 
by double-clicking the ieon on the desktop or by following 
your instmetor’s guidance. 

8. Seleet lesson L07-ECG&P-1 from the menu, and eliek 

OK. 

Ì 9. Type in a filename that will save this subject’s data on the 
computer hard drive. You may want to use the subject’s last 
name followed by Pulse (for example, SmithPulse-l), then 

eliek OK. 


Sensor attaehes to 
bottom of fingertip 


Velero strap 
wraps around 




Figure 33.5 Plaeement of the pulse transducer around 
the tip of the index finger. 
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Figure 33.6 Example of waveforms during the 
ealibration procedure. 

Calibrating the Equipment 

1. When the subject is relaxed, eliek Calibrate. Click 
Ignore when prompted for SS2L on Ch.l. The ealibration 
will stop automatically after 8 seeonds. 

2. Observe the reeording of the ealibration data, which should 
look like the waveforms in the example (Figure 33.6). ECG 
data is not reeorded in this aetivity. 

• If the data look very different, eliek Redo Calibration 
and repeat the steps above. If there is no signal, you may 
need to loosen the Velero on the finger and eheek all 
attaehments. 

• If the data look similar, proeeed to the next seetion. 

Reeording the Data 

1. When the subject is ready, eliek Reeord to begin reeord- 
ing the pulse. After 30 seeonds, eliek Suspend. 

2. Observe the data, which should look similar to the pulse 
data example (Figure 33.7). 

• If the data look very different, eliek Redo and repeat the 
steps above. 

• If the data look similar, go to the next step. 
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Figure 33.7 Example of waveforms during the reeording 
of data. 
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Figure 33.8 llsing the l-beam cursor to highlight data 
for analysis. 


3. When you are finished, eliek Done and then eliek Yes. A 
pop-up window will appear; to reeord from another subject 
seleet Reeord from another subject and return to step 5 
under Setting Up the Equipment. If continuing to the Data 
Analysis seetion, seleet Analyze current data fíle and pro- 
eeed to step 2 in the Data Analysis seetion. 

Data Analysis 

1. If just starting the BIOPAC® program to perform data 
analysis, enter Review Saved Data mode and ehoose the file 
with the subject’s pulse data (for example, SmithPulse-l). 

2. Observe that pulse data is in the lower seale. 

3. To analyze the data, set up the first channel/measurement 
box at the top of the sereen. 


ehannel 

Measurement 

Data 

CH 40 

Delta T 

pulse 


Delta T: Measures the time elapsed in the seleeted area 

4. Use the arrow cursor and eliek the I-beam cursor box on 
the lower right side of the sereen to aetivate the í4 area selee- 
tion” function. Using the aetivated I-beam cursor, highlight 
from the peak of one pulse to the peak of the next pulse (as 
shown in Figure 33.8). 

Observe the elapsed time between heartbeats and reeord here 


Optional Aetivity with BIOPAO® 

Pulse Measurement 

To expand the experiment, you ean measure the effeets of 
heat and eold on pulse rate. To do this, you ean submerge 
the subject’s hand (the hand without the plethysmograph!) in 
hot and/or iee water for 2 minutes, and then reeord the pulse. 
Alternatively, you ean investigate ehange in pulse rate after 
brief exercise such as jogging in plaee. M 

Apieal-Radial Pulse 

The eorrelation between the apieal and radial pulse rates ean 
be determined by simultaneously counting them. The apieal 
pulse (actually the counting of heartbeats) may be slightly 
faster than the radial because of a slight lag in time as the 
blood rnshes from the heart into the large arteries where it 
ean be palpated. However, any large differenee between the 
values observed, referred to as a pulse defíeit, may indieate 
eardiae impairment (a weakened heart that is unable to pump 
blood into the arterial tree to a normal extent), low eardiae 
output, or abnormal heart rhythms. In the ease of atrial fibril- 
lation or eetopie heartbeats, for instanee, the seeond beat 
may follow the first so quickly that no seeond pulse is felt 
even though the apieal pulse ean still be auscultated. Apieal 
pulse counts are routinely ordered for those with eardiae 
deeompensation. 


AOTIVITY 4 


Taking an Apieal Pulse 

With the subject sitting quietly, one student, using a stetho- 
seope, should determine the apieal pulse rate while another 
simultaneously counts the radial pulse rate. The stethoseope 
should be positioned over the fifth left intereostal spaee. The 
person taking the radial pulse should determine the starting 
point for the count and give the stop-count signal exactly 
1 minute later. Reeord your values below. 

apieal count_beats/min 

radial count_pulses/min 

pulse defieit_pulses/min 

Blood Pressure 
Determinations 




(to the nearest 0.01 seeond):_ 

5. Calculate the beats per minute by inserting the elapsed 
time into this formula: 

(1 beat/_see) X (60 see/min) 

= beats/min 


Blood pressure (BP) is defined as the pressure the blood exerts 
against any unit area of the blood vessel walls, and it is gener- 
ally measured in the arteries. Because the heart alternately 
eontraets and relaxes, the resulting rhythmie flow of blood into 
the arteries causes the blood pressure to rise and fall during 
eaeh beat. Thus you must take two blood pressure readings: 
the systolie pressure, which is the pressure in the arteries at the 
peak of ventricular ejeetion, and the diastolie pressure, which 
refleets the pressure during ventricular relaxation. Blood pres- 
sures are reported in millimeters of mercury (mm Hg), with the 
systolie pressure appearing first; 120/80 translates to 120 over 
80, or a systolie pressure of 120 mm Hg and a diastolie pressure 
of 80 mm Hg. Normal blood pressure varies eonsiderably from 
one person to another. 
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Exercise 33 


Blood pressure 
120 systolie 
70 diastolie 
(to be measured) 


Rubber cuff 
inflated with 



Pressure 
in cuff 
above 120; 
no sounds 
audible 


120 mm Hg 


Braehial 



Pressure 
in cuff 
below 120, 
but above 70 


120 mm Hg 



Pressure 
in cuff 
below 70; 
no sounds 
audible 


70 mm Hg 


Sounds 
audible in 
stethoseope 



(a) 

Figure 33.9 Procedure for measuring 
blood pressure. (a) The course of the 
braehial artery of the arm. Assume 
a blood pressure of 120/70. (b) The 
blood pressure cuff is vvrapped snugly 
around the arm just above the elbovv 
and inflated until blood flovv into the 
forearm is stopped and no braehial 
pulse ean be felt or heard. (e) Pressure 


(b) (e) 

in the cuff is gradually reduced vvhile 
the examiner listens (auscultates) 
for sounds (of Korotkoff) in the 
braehial artery vvith a stethoseope. 
The pressure, read as the first soft 
tapping sounds are heard (the first 
point at vvhieh a small amount 
of blood is spurting through the 
eonstrieted artery) # is reeorded as the 


(d) 

systolie pressure. (d) As the pressure 
is reduced still further # the sounds 
beeome louder and more distinct # but 
vvhen the artery is no longer restrieted 
and blood flovvs freely # the sounds 
ean no longer be heard. The pressure 
at vvhieh the sounds disappear is 
routinely reeorded as the diastolie 
pressure. 


In this procedure, you will measure arterial pressure by 
indireet means and under various eonditions. You will inves- 
tigate and demonstrate faetors affeeting blood pressure, and 
the rapidity of blood pressure ehanges. 


A C T I V I T Y 5 


Using a Sphygmomanometer to Measure 
Arterial Blood Pressure indireetly 

The sphygmomanometer, eommonly ealled a blood pressure 
cujf y is an instrament used to obtain blood pressure readings by 
the auscultatory method (Figure 33.9). It eonsists of an inflat- 
able cuff with an attaehed pressure gauge. The cuff is plaeed 
around the arm and inflated to a pressure higher than systolie 
pressure to occlude circulation to the forearm. As cuff pressure 
is gradually released, the examiner listens with a stethoseope 
for eharaeteristie sounds ealled the sounds of Korotkoff, 
which indieate the resumption of blood flow into the forearm. 
The pressure at which the first soft tapping sounds ean be de- 
teeted is reeorded as the systolie pressure. As the pressure is 
reduced further, blood flow beeomes more turbulent, and the 
sounds beeome louder. As the pressure is reduced still further, 
below the diastolie pressure, the artery is no longer eom- 
pressed; and blood flows freely and without turbulence. At 
this point, the sounds of Korotkoff ean no longer be deteeted. 


The pressure at which the sounds disappear is reeorded as the 
diastolie pressure. 

1. Work in pairs to obtain radial artery blood pressure read- 
ings. Obtain a felt marker, stethoseope, aleohol swabs, and 
a sphygmomanometer. Clean the earpieees of the stetho- 
seope with the aleohol swabs, and eheek the cuff for the 
presenee of trapped air by eompressing it against the labora- 
tory table. (A partially inflated cuff will produce erroneous 
measurements.) 

2. The subject should sit in a eomfortable position with 
one arm resting on the laboratory table (approximately at 
heart level if possible). Wrap the cuff around the subject’s 
arm, just above the elbow, with the inflatable area on the 
medial arm surface. The cuff may be marked with an arrow; 
if so, the arrow should be positioned over the braehial artery 
(Figure 33.9). Secure the cuff by tucking the distal end under 
the wrapped portion or by bringing the Velero areas together. 

3. Palpate the braehial pulse, and lightly mark its position 
with a felt pen. Don the stethoseope, and plaee its diaphragm 
over the pulse point. 

| The cuff should not be kept inflated for more than 

* 1 minute. If you have any trouble obtaining a reading 

within this time, deflate the cuff, wait 1 or 2 minutes, and try 
again. (A prolonged interferenee with BP homeostasis ean 
lead to fainting.) 
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4. Inflate the cuff to approximately 160 mm Hg pressure, 
and slowly release the pressure valve. Watch the pressure 
gauge as you listen carefully for the first soft thudding sounds 
of the blood spurting through the partially occluded artery. 
Mentally note this pressure (systolie pressure), and continue 
to release the cuff pressure. You will notiee first an inerease, 
then a muffling, of the sound. For the diastolie pressure, note 
the pressure at which the sound beeomes muffled or disap- 
pears. Controversy exists over which of the two points should 
be reeorded as the diastolie pressure; so in some eases you 
may see readings such as 120/80/78, which indieates the 
systolie pressure followed by the first and seeond diastolie 
end points. The first diastolie end point is the pressure at 
which the sound muffles; the seeond is the pressure at which 
the sound disappears. It makes little differenee here which 
of the two diastolie pressures is reeorded, but be eonsistent. 
Make two blood pressure determinations, and reeord your 
results below. 

First trial: Seeond trial: 

systolie pressure_ systolie pressure_ 

diastolie pressure_ diastolie pressure_ 

5. Compute the pulse pressure for eaeh trial. The pulse 
pressure is the differenee between the systolie and diastolie 
pressures, and it indieates the amount of blood foreed from 
the heart during systole, or the actual “working” pressure. 
A narrowed pulse pressure (less than 30 mm Hg) may be a 
signal of severe aortie stenosis, eonstrietive periearditis, or 
taehyeardia. A widened pulse pressure (over 40 mm Hg) is 
eommon in hypertensive individuals. 

Pulse pressure: 

first trial_ seeond trial_ 

6. Compute the mean arterial pressure (MAP) for eaeh 
trial using the following equation: 

pulse pressure 

MAP = diastolie pressure H--- 

first trial seeond trial H 


ACTI VITY 6 


Estimating Venous Pressiire 

It is not possible to measure venous pressure with the sphyg- 
momanometer. The methods available for measuring it pro- 
duce estimates at best, because venous pressures are so much 
lower than arterial pressures. The differenee in pressure be- 
eomes obvious when these vessels are cut. If a vein is cut, the 
blood flows evenly from the cut. A laeerated artery produces 
rapid spurts of blood. In this aetivity, you will estimate venous 
pressures. 

1. Obtain a meter stiek, and ask your lab partner to stand 
with his or her right side toward the blaekboard, arms hanging 
freely at the sides. On the board, mark the approximate level 


of the right atrium. (This will be just slightly higher than the 
point at which you ausculated the apieal pulse.) 

2. Observe the superficial veins on the dorsum of the right 
hand as the subject alternately raises and lowers it. Notiee the 
eollapsing and filling of the veins as internal pressures ehange. 
Have the subject repeat this aetion until you ean determine the 
point at which the veins have just eollapsed. Mark this hand 
level on the board. Then measure, in millimeters, the distanee 
in the vertieal plane from this point to the level of the right 
atrium (previously marked). Reeord this value. Distanee of 
right arm from right atrium at point of venous eollapse: 

_mm 

3. Compute the venous pressure (Py), in millimeters of 
mercury, with the following formula: 

1.056 (speeifie gravity of blood) X mm (measured) 
v 13.6 (speeifie gravity of Hg) 

Venous pressure eompiited:_mm Hg 

Normal venous pressure varies from approximately 30 to 
90 mm Hg. That of the hand ranges between 30 and 40 mm 
Hg. How does your computed value eompare? 


4. Because venous walls are so thin, pressure within them 
is readily affeeted by external faetors such as muscle aetivity, 
deep pressure, and pressure ehanges occurring in the thorax 
during breathing. The Valsalva maneuver, which inereases 
intrathoraeie pressure, is used to demonstrate the effeet of 
thoraeie pressure ehanges on venous pressure. 

To perform this maneuver take a deep breath, and then 
mimie the motions of exhaling foreibly, but without actually 
exhaling. In reaetion to this, the glottis will elose; and in- 
trathoraeie pressure will inerease. (Most of us have performed 
this maneuver unknowingly in aets of defeeation in which 
there is “straining at stool.”) Have the same subject again stand 
next to the blaekboard mark for the level of his or her right 
atrium. While the subject performs the Valsalva maneuver 
and raises and lowers one hand, determine the point of venous 
eollapse and mark it on the board. Measure the distanee of 
that mark from the right atrium level and reeord it below. Then 
compute the venous pressure and reeord it. 

_mm Venous pressure:_mm Hg 

How does this value eompare with the venous pressure mea- 
surement computed for the relaxed state? 


Explain: 
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Exercise 33 


Posture 



Trial 1 

Trial 2 


BP 

Pulse 

BP 

Pulse 

Sitting quietly 





Reelining (after 2 to 3 min) 





Immediately on standing 
from the reelining position 
( #/ at attention" stanee) 





After standing for 3 min 






AOTIVITY 7 


Observing the Effeet of Various Faetors 
on Blood Pressure and Heart Rate 

Arteríal blood pressure is direetly proportional to eardiae out- 
put (CO, amount of blood pumped out of the left ventriele per 
unit time) and peripheral resistanee (PR) to blood flow, that is, 

BP = CO X PR 

Peripheral resistanee is inereased by blood vessel eonstrie- 
tion (most importantly the arterioles), by an inerease in blood 
viseosity, and by a loss of elastieity of the arteries (seen in 
arterioselerosis). Any faetor that inereases either the eardiae 
output or the peripheral resistanee causes an almost immedi- 
ate reflex rise in blood pressure. A elose examination of these 
relationships reveals that many faetors—age, weight, time 
of day, exercise, body position, emotional state, and various 
drags, for example—alter blood pressure. The influence of a 
few of these faetors is investigated here. 

The following tests are done most effieiently if one stu- 
dent aets as the subject; two are examiners (one taking the 
radial pulse and the other auscultating the braehial blood 
pressure); and a fourth student eolleets and reeords data. 
The sphygmomanometer cuff should be left on the subject’s 
arm throughout the experiments (in a deflated state, of 
course) so that, at the proper times, the blood pressure ean 
be taken quickly. In eaeh ease, take the measurements at 
least twice. For eaeh of the following tests, students should 
formulate hypotheses, eolleet data, and write lab reports. 
(See Getting Started, page xiv.) Conclusions should be 
shared with the elass. 

Posture 

To monitor circulatory adjustments to ehanges in position, 
take blood pressure and pulse measurements under the eondi- 
tions noted in the Posture ehart above. Reeord your results 
on the ehart. 

Exercise 

Blood pressure and pulse ehanges during and after exercise 
provide a good yardstiek for measuring one’s overall ear- 
diovascular fitness. Although there are more sophistieated 
and more accurate tests that evaluate fitness aeeording to a 
speeifie point system, the Harvard step test deseribed here is 
a quick way to eompare the relative fitness level of a group 
of people. 


You will be working in groups of four, duties assigned as 
indieated above, except that student 4, in addition to reeord- 
ing the data, will aet as the timer and eall the eadenee. 

| Any student with a known heart problem should refuse 
* to partieipate as the subject. 

All four students may partieipate as the subject in turn, if de- 
sired, but the beneh stepping is to be performed at least twice 
in eaeh group—onee with a well-conditioned person aeting 
as the subject, and onee with a poorly eonditioned subject. 

Beneh stepping is the following series of movements 
repeated sequentially: 

1. Plaee one foot on the step. 

2. Step up with the other foot so that both feet are on the 
platform. Straighten the legs and the baek. 

3. Step down with one foot. 

4. Bring the other foot down. 

The paee for the stepping will be set by the “timer” (student 
4), who will repeat “Up-2-3-4, up-2-3-4” at such a paee that 
eaeh “up-2-3-4” sequence takes 2 see (30 eyeles/min). 

1. Student 4 should obtain the step (0.5 m [20-in.] height 
for male subject or 0.4 m [16-in.] for a female subject) while 
baseline measurements are being obtained on the subject. 

2. Onee the baseline pulse and blood pressure measurements 
have been reeorded on the Exercise ehart (next page), the 
subject is to stand quietly at attention for 2 minutes to allow 
his or her blood pressure to stabilize before beginning to step. 

3. The subject is to perform the beneh stepping for as long 
as possible, up to a maximum of 5 minutes, aeeording to the 
eadenee ealled by the timer. The subject is to be watched for 
and warned against crouching (posture must remain ereet). If 
he or she is unable to keep the paee for a span of 15 seeonds, 
the test is to be terminated. 

4. When the subject is stopped by the paeer for crouching, 
stops voluntarily because he or she is unable to continue, or 
has eompleted 5 minutes of beneh stepping, he or she is to sit 
down. The duration of exercise (in seeonds) is to be reeorded, 
and the blood pressure and pulse are to be measured im- 
mediately and thereafter at l-minute intervals for 3 minutes 
post-exercise. 

Duration of exercise: see 
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Exercise 


Harvard step test 
for 5 min at 30/min 

Baseline 

Interval Follovving Test 

Immediately 

1 min 

2 min 

3 min 

BP 

P 

BP 

P 

BP 

P 

BP 

P 

BP 

P 

Well-conditioned 

individual 





















Poorly eonditioned 
individual 






















5. The subject’s index of physieal fitness is to be calculated 
using the following formula: 

duration of exercise in seeonds X 100 

Index = - 

2 X sum of the three pulse counts in reeovery 


A Noxious Sensory Stimulus (Cold) 

Blood pressure ean be affeeted by emotions and pain. This 
lability of blood pressure will be investigated through use of 
the eold pressor test, in which one hand will be immersed in 
unpleasantly (even painfully) eold water. 


Seores are interpreted aeeording to the following seale: 


below 55 
55 to 62 
63 to 71 
72 to 79 
80 to 89 
90 and over 


poor physieal eondition 

low average 

average 

high average 

good 

excellent 


1. Measure the blood pressure and pulse of the subject as he 
or she sits quietly. Reeord these as the baseline values on the 

Noxious Sensory Stimulus ehart (next page). 

2. Obtain a basin and thermometer, fill the basin with iee 
cubes, and add water. When the temperature of the iee bath 
has reaehed 5°C, immerse the subject’s other hand (the non- 
cuffed limb) in the iee water. With the hand still immersed, 
take blood pressure and pulse readings at l-minute intervals 
for a period of 3 minutes, and reeord the values on the ehart. 


6. Reeord the test values on the Exercise ehart above, and 
repeat the testing and reeording procedure with the seeond 
subject. 

When did you notiee a greater elevation of blood pressure 
and pulse? 


How did the blood pressure ehange during eold exposure? 


Explain: 


Was there a sizable differenee between the after-exercise val- 
ues for well-conditioned and poorly eonditioned individuals? 

_Explain:_ 


Did the diastolie pressure also inerease? 
Explain:_ 


Was there any ehange in pulse?_ 

3. Subtract the respeetive baseline readings of systolie and 
diastolie blood pressure from the highest single reading of 
systolie and diastolie pressure obtained during eold immer- 
sion. (For example, if the highest experimental reading is 
140/88 and the baseline reading is 120/70, then the differ- 
enees in blood pressure would be systolie pressure, 20 mm 
Hg, and diastolie pressure, 18 mm Hg.) These differenees 
are ealled the index of response. Aeeording to their index of 
response, subjects ean be elassified as follows: 

Hyporeaetors (stable blood pressure): Exhibit a rise of dias- 
tolie and/or systolie pressure ranging from 0 to 22 mm Hg or 
a drop in pressures 

Hyperreaetors (labile blood pressure): Exhibit a rise of 
23 mm Hg or more in the diastolie and/or systolie blood 
pressure 

Is the subject tested a hypo- or hyperreaetor? 
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Exercise 33 


A Noxious Sensory Stimulus (Cold) 


Baseline 

1 min 

2 min 

3 min 

BP 

P 

BP 

P 

BP 

P 

BP 

P 










Skin Color as an Indieator 
of Loeal Circulatory Dynamies 

Skin eolor reveals with surprising accuracy the state of the 
loeal circulation, and allows inferenees eoneerning the larger 
blood vessels and the circulation as a whole. The Aetivity 8 
experiments on loeal circulation illustrate a number of faetors 
that affeet blood flow to the tissues. 

Clinical expertise often depends upon good observation 
skills, accurate reeording of data, and logieal interpretation of 
the findings. A single example will be given to demonstrate 
this statement: A massive hemorrhage may be internal and 
hidden (thus, not obvious) but will still threaten the blood 
delivery to the brain and other vital organs. One of the ear- 
liest eompensatory responses of the body to such a threat 
is eonstrietion of cutaneous blood vessels, which reduces 
blood flow to the skin and diverts it into the circulatory 
mainstream to serve other, more vital tissues. As a result, the 
skin of the faee and particularly of the extremities beeomes 
pale, eold, and eventually moist with perspiration. Therefore, 
pale, eold, elammy skin should immediately lead the careful 
diagnostieian to suspect that the circulation is dangerously 
ineffieient. Other eonditions, such as loeal arterial obstmetion 
and venous eongestion, as well as eertain pathologies of the 
heart and lungs, also alter skin texture, eolor, and circulation 
in eharaeteristie ways. 


AOTIVITY 8 


Examining the Effeet of Loeal ehemieal 
and Physieal Faetors on Skin Color 

The loeal blood supply to the skin (indeed, to any tissue) is 
influenced by (1) loeal metabolites, (2) oxygen supply, (3) 
loeal temperature, (4) autonomic nervous system impulses, 
(5) loeal vascular reflexes, (6) eertain hormones, and (7) 
substances released by injured tissues. A number of these 
faetors are examined in the simple experiments that follow. 
Eaeh experiment should be conducted by students in groups 
of three or four. One student will aet as the subject; the others 
will conduct the tests and make and reeord observations. 

Vasodilation and Flushing ofthe Skin Due 
to Loeal Metabolites 

1. Obtain a sphygmomanometer (blood pressure cuff) and 
stethoseope. You will also need a watch or eloek with a see- 
ond hand. 

2. The subject should bare both arms by rolling up the 
sleeves as high as possible and then lay the forearms side by 
side on the beneh top. 


3. Observe the general eolor of the subject’s forearm skin, 
and the normal contour and size of the veins. Notiee whether 
skin eolor is bilaterally similar. Reeord your observations: 


4. Apply the blood pressure cuff to one arm, and inflate it to 
250 mm Hg. Keep it inflated for 1 minute. During this period, 
repeat the observations made above, and reeord the results: 


5. Release the pressure in the cuff (leaving the deflated cuff 
in position), and again reeord the forearm skin eolor and the 
eondition of the forearm veins. Make this observation imme- 
diately after deflation and then again 30 seeonds later. 

Immediately after deflation:_ 


30 see after deflation: 


The above observations constitute your baseline infor- 
mation. Now conduct the following tests. 

6. instmet the subject to raise the cuffed arm above his or 
her head and to eleneh the fist as tightly as possible. While the 
hand and forearm muscles are tightly eontraeted, rapidly in- 
flate the cuff to 240 mm Hg or more. This maneuver partially 
empties the hand and forearm of blood and stops most blood 
flow to the hand and forearm. Onee the cuff has been inflated, 
the subject is to relax the fist and return the forearm to the 
beneh top so that it ean be eompared to the other forearm. 

7. Leave the cuff inflated for exactly 1 minute. During this 
interval, eompare the skin eolor in the “isehemie” (blood- 
deprived) hand to that of the “normal” (non-cuffed-limb) hand. 
Quickly release the pressure immediately after 1 minute. 

What are the subjective effeets (sensations felt by the subject, 
such as pain, eold, warmth, tingling, weakness) of stopping 
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blood flow to the arm and hand for 1 minute? These sensa- Color of raised arm:_ 

tions are “symptoms” of a ehange in function. 

Color of dependent arm: 


From this and the two preeeding observations, analyze the 

faetors that determine tint of eolor (pink or blue) and intensity 

of skin eolor (deep pink or blue as opposed to light pink or 

TTT1 t , . rr , , r t t . . blue). Reeord your conclusions. 

What are the objeetive etteets (eolor ot skin and eondition 

of veins)? 


How long does it take for the subject’s isehemie hand to re- 
gain its normal eolor? 


Effeets of Venous Congestion 

1. Again, but with a different subject, observe and reeord the 
appearanee of the skin and veins on the forearms resting on 
the beneh top. This time, pay particular attention to the eolor 
of the fingers, particularly the distal phalanges, and the nail 
beds. Reeord this information: 


2. Wrap the blood pressure cuff around one of the subject’s 
arms, and inflate it to 40 mm Hg. Maintain this pressure for 
5 minutes. Make a reeord of the subjective and objeetive 
findings just before the 5 minutes are up, and then again im- 
mediately after release of the pressure at the end of 5 minutes. 


Collateral Blood Flow 

In some diseases, blood flow to an organ through one or 
more arteries may be eompletely and irreversibly obstmeted. 
Fortunately, in most eases a given body area is supplied both 
by one main artery and by anastomosing ehannels eonneeting 
the main artery with one or more neighboring blood vessels. 
Consequently, an organ may remain viable even though its 
main arterial supply is occluded, as long as the eollateral 
vessels are still functional. 

The effeetiveness of eollateral blood flow in preventing 
isehemia ean be easily demonstrated. 


1. Check the subject’s hands to be sure they are warm to the 
touch. If not, ehoose another subject, or warm the subject’s 
hands in 35°C water for 10 minutes before beginning. 

2. Palpate the subject’s radial and ulnar arteries approxi- 
mately 2.5 em (1 in.) above the wrist flexure, and mark their 
loeations with a felt marker. 


Subjective (arm cuffed): 


Objeetive (arm cuffed): 


Subjective (pressure released): 


Objeetive (pressure released): 


3. instmet the subject to supinate one forearm and to hold 
it in a partially flexed (about a 30° angle) position, with the 
elbow resting on the beneh top. 

4. Faee the subject and grasp his or her forearm with both 
of your hands, the thumb and fingers of one hand eompress- 
ing the marked radial artery and the thumb and fingers of the 
other hand eompressing the ulnar artery. Maintain the pres- 
sure for 5 minutes, notieing the progression of the subject’s 
hand to total isehemia. 

5. At the end of 5 minutes, release the pressure abmptly. 
Reeord the subject’s sensations, as well as the intensity and 
duration of the flush in the previously occluded hand. (Use 
the other hand as a baseline for eomparison.) 


3. With still another subject, conduct the following simple 
experiment: Raise one arm above the head, and let the other 
hang by the side for 1 minute. After 1 minute, quickly lay both 
arms on the beneh top, and eompare their eolor. 
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Exercise 33 


6. Allow the subject to relax for 5 minutes; then repeat the 
maneuver, but this time eompress only the radial artery. 
Reeord your observations. 


How do the results of the first test differ from those of the 
seeond test with respeet to eolor ehanges during eompression 
and to the intensity and duration of reaetive hyperemia (red- 
ness of the skin)? 


7. Onee again allow the subject to relax for 5 minutes. Then 
repeat the maneuver, with only the ulnar artery eompressed. 
Reeord your observations: 


What ean you conclude about the relative sizes of, and hand 
areas served by, the radial and ulnar arteries? 


Effeet of Meehanieal Stimulation 
of Blood Vessels of the Skin 

With moderate pressure, draw the blunt end of your pen 
aeross the skin of a subject’s forearm. Wait 3 minutes to ob- 
serve the effeets, and then repeat with firmer pressure. 

What ehanges in skin eolor do you observe with light-to- 
moderate pressure? 


With heavy pressure?_ 

The redness, or flare, observed after meehanieal stimula- 
tion of the skin results from a loeal inflammatory response 
promoted by ehemieal mediators released by injured tissues. 
These mediators stimulate inereased blood flow into the area 
and leaking of fluid (from the eapillaries) into the loeal tissues. 
(Note: People differ eonsiderably in skin sensitivity. Those 
most sensitive will show dermatographism, a eondition in 
which the direet line of stimulation will swell quite obviously. 
This excessively swollen area is ealled a wheal.) H 















Human Cardiovascular 
Physiology: Blood Pressure 
and Pulse Determinations 




Cardiac Cycle 

1. Using the grouped sets of terms to the right of the diagram, eorreetly identify eaeh traee, valve elosings and openings, 
and eaeh time period of the eardiae eyele. 



1. aortie pressure 

2. atrial pressure 

3. ECG 

4. first heart sound 

5. seeond heart sound 

6. ventricular pressure 

7. ventricular volume 

8. aortie (semilunar) 
valve eloses 

9. aortie (semilunar) 
valve opens 





10. AV and semilunar 
valves elosed (2 letters) 

11. AV valve eloses 

12. AV valve opens 

13. ventricular diastole 
(2 letters) 

14. ventricular systole 



Time (see) 
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2. Define the following terms. 

systole: _ 

diastole: _ 

eardiae eyele: _ 

3. Answer the following questions eoneerning events of the eardiae eyele. 

When are the AV valves elosed?_ 

What event within the heart causes the AV valves to open?_ 

When are the semilunar valves elosed?_ 

What event causes the semilunar valves to open?_ 

Are both sets of valves elosed during any part of the eyele?_ 

If so, when?_ 

Are both sets of valves open during any part of the eyele?_ 

At what point in the eardiae eyele is the pressure in the heart highest? _ 
Lowest 


What event results in the pressure defleetion ealled the dierotie noteh? 


4. Using the key below, indieate the time interval occupied by the following events of the eardiae eyele. 

Key: a. 0.8 see b. 0.4 see e. 0.3 see d. 0.1 see 

_1. the length of the normal eardiae eyele _3. the quiescent period 

_2. the time interval of atrial systole _4. the ventricular eontraetion period 

5. If an individual’s heart rate is 80 beats/min, what is the length of the eardiae eyele?_What portion of the 

eardiae eyele deereases with a more rapid heart rate?_ 


6. What two faetors promote the movement of blood through the heart? 

and 
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Heart Soiinds 1 - 

7. Complete the following statements. 2. _ 

The monosyllables deseribing the heart sounds are 1 . 

The first heart sound is a result of closure of the 2 valves, 
whereas the seeond is a result of closure of the 3 valves. 

The heart ehambers that have just been filled when you hear 4. - 

the first heart sound are the _4_, and the ehambers that have 

just emptied are the 5 . Immediately after the seeond heart 5. - 

sound, both the 6 and 7 are filling with blood. 

6 . - 

7. - 

8. As you listened to the heart sounds during the laboratory session, what differenees in piteh, length, and amplitude (loudness) 

of the two sounds did you observe?_ 


9. In order to auscultate most accurately, indieate where you would plaee your stethoseope for the following sounds: 

closure of the trieiispid valve:_ 

closure of the aortie valve:_ 

apieal heartbeat:_ 

Which valve is heard most elearly when the apieal heartbeat is auscultated?_ 

10. No one expects you to be a full-fledged physieian on such short notiee, but on the basis of what you have learned about heart 
sounds, how might abnormal sounds be used to diagnose heart problems? 


The Pulse 

11. Define piilse. _ 

12. Deseribe the procedure used to take the pulse. 


on the dorsum of the foot: 
at the side of the neek:_ 


13. Identify the artery palpated at eaeh of the pressure points listed. 

at the wrist:_ 

in front of the ear:_ 
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14. When you were palpating the various pulse or pressure points, which appeared to have the greatest amplitude or tension? 
_Why do you think this was so?_ 


15. Assume someone has been injured in an auto aeeident and is hemorrhaging badly. What pressure point would you eompress 
to help stop bleeding from eaeh of the following areas? 

the thigh:_ the ealf:_ 

the forearm:_ the thumb:_ 

16. How could you tell by simple observation whether bleeding is arterial or venous?_ 


17. You may sometimes observe a slight differenee between the value obtained from an apieal pulse (beats/min) and that from 
an arterial pulse taken elsewhere on the body. What is this differenee ealled? 


Blood Pressiire Determinations 

18. Define blood pressure. _ 

19. Identify the phase of the eardiae eyele to which eaeh of the following apply. 

systolie pressure:_ diastolie pressure:_ 

20. What is the name of the instmment used to eompress the artery and reeord pressures in the auscultatory method of determining 

blood pressure?_ 

21. What are the sounds of Korotkoff?_ 


What causes the systolie sound? 


What causes the disappearanee of the sound?_ 

22. Interpret the pressure reading for eaeh of the three numbers listed: 145/85/82. 


23. Assume the following BP measurement was reeorded for an elderly patient with severe arterioselerosis: 170/110/-. Explain 
the inability to obtain the third reading. 
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24. Define pulse pressure. _ 

Why is this measurement important? 


25. How do venous pressures eompare to arterial pressures?_ 

Why?_ 

26. What maneuver to inerease the thoraeie pressure illustrates the effeet of external faetors on venous pressure? 

How is it performed?_ 


27. What might an abnormal inerease in venous pressure indieate? (Think!) 


Observing the Effeet of Various Faetors 
on Blood Pressure and Heart Rate 

28. What effeet do the following have on blood pressure? (indieate inerease by T and deerease by i.) 

_1. inereased diameter of the arterioles 4. hemorrhage 

_2. inereased blood viseosity 5. arterioselerosis 

_3. inereased eardiae output 6. inereased pulse rate 

29. In which position (sitting, reelining, or standing) is the blood pressure normally the highest? 

_The lowest?_ 

What immediate ehanges in blood pressure did you observe when the subject stood up after being in the sitting or reelining 
position?_ 


What ehanges in the blood vessels might account for the ehange? 


After the subject stood for 3 minutes, what ehanges in blood pressure were observed? 


How do you account for this ehange? 
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30. What was the effeet of exercise on blood pressure?_ 

On pulse rate?_Do you think these effeets refleet ehanges in eardiae output or in 

peripheral resistanee?_ 


Why are there normally no signifieant inereases in diastolie pressure after exercise? 


31. What effeets of the following did you observe on blood pressure in the laboratory? 

eold temperature:_ 

What do you think the effeet of heat would be?- 

Why?_ 

32. Differentiate between a hypo- and a hyperreaetor relative to the eold pressor test. _ 


Skin Color as an indieator of Loeal Circulatory Dynamies 

33. Deseribe normal skin eolor and the appearanee of the veins in the subject’s forearm before any testing was conducted. 


34. What ehanges occurred when the subject emptied the forearm of blood (by raising the arm and making a fist) and the flow 

was occluded with the cuff?_ 

What ehanges occurred during venous eongestion?_ 


35. What is the importanee of eollateral blood supplies? 


36. Explain the meehanism by which meehanieal stimulation of the skin produced a flare. 






















MATERIALS 


Frog Cardiovascular 
Physiology 


□ Disseeting instruments and tray 

□ Disposable gloves 

□ Petri dishes 

□ Medieine dropper 

□ Millimeter ruler 

□ Disposal eontainer for organie debris 

□ Frog Ringer's solutions (at room 
temperature, 5°C, and 32°C) 

□ Frogs* 

□ Thread 

□ Large rubber bands 

□ Fine eommon pins 

□ Frog board 

□ Cotton balls 

□ Physiograph or BIOPAC® equipment: 

Physiograph (polygraph), physiograph 
paper and ink, foree transducer, transducer 
eable, transducer stand, stimulator output 
extension eable, eleetrodes 

i g||JpH(|* BIOPAC® BSL PRO softvvare, 

MP36/35 or MP45 data acqui- 
sition unit, PC or Mae computer, BIOPAC® 
HDVV100A tension adjuster (or equivalent), 
BIOPAC® SS12LA foree transducer vvith 
S-hook, small hook vvith thread, and trans- 
ducer (or ring) stand 

*Instructor will double-pith frogs as required 
for student experimentation. 

Note: Instmetions for using PowerLab® 
equipment ean be found on MasteringA&P. 

(Text continues on next page.) 


M 



MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you vvill find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 




OBJEGTIVES 

1. Deseribe the properties of automaticity and rhythmieity as they apply 
to eardiae muscle. 

2. Discuss the anatomieal differenees betvveen frog and human hearts. 

3. Compare the intrinsie rate of eontraetion of the "paeemaker" of the 
frog heart (sinus venosus) to that of the atria and ventriele. 

4. Define extrasystole, and explain vvhen an extrasystole ean occur on a 
traeing of the eontraetile aetivity of the heart. 


V) 

U 





5. Explain vvhy it is important that eardiae muscle eannot be tetanized. 

6. Deseribe the effeets of the follovving on heart rate: eold, heat, vagal 
stimulation, piloearpine, atropine sulfate, epinephrine, digitalis, and 
potassium, sodium, and calcium ions. 


7. Define eetopie paeemaker, vagal eseape, and partial and total heart 
bloek. 


8. Name the blood vessels assoeiated vvith a eapillary bed and deseribe 
microcirculation. 


9. Identify an arteriole, venule, and eapillaries in a frog's vveb, and eite the 
differenees betvveen relative size of these vessels and the rate of blood 
flovv through them. 

10. Discuss the effeet of heat, eold, loeal irritation, and histamine on blood 
flovv in eapillaries, and explain hovvthese responses help maintain 
homeostasis. 


PRE-LAB Q U I Z 

1. Circle True or False. Heart muscle ean depolarize spontaneously in the 
absenee of any external stimulation. 

2. Spontaneous depolarization-repolarization events occur in a regular and 
continuous manner in eardiae muscle, a property knovvn as 

a. automaticity 

b. rhythmieity 
e. synehronieity 

3. Hovv many ehambers does the frog heart have? 

a. tvvo b. three e. four 

4. Circle True or False. Heart rate ean be modified by extrinsic impulses from 
the autonomic nerves. 

5. What is an extrasystole?_ 


6. Which ehemieal agent vvill you use to modify the frog heart rate? 

a. eaffeine 

b. digitalis 

e. magnesium solution 
d. Ringer's solution 


511 


















512 


Exercise 34 


(Materials list continued) 

Instmetors using the MP36 (or MP35/30) 
data acquisition unit vvith BSL softvvare 
versions earlier than 3.7.5 (for VVindovvs) 
and 3.7.4 (for Mae Os X) vvill need slightly 
different ehannel settings and eolleetion 
strategies. lnstructions for using the older 
data acquisition unit ean be found on 
MasteringA&P. 


□ Dropper bottles of freshly prepared 
solutions (using frog Ringer's solution 
as the solvent) of the follovving: 

2.5% piloearpine 

5% atropine sulfate 

1 % epinephrine 

2% digitalis 

2% calcium ehloride (CaCI 2 ) 

0.7% sodium ehloride (NaCI) 

5% potassium ehloride (KCI) 

0.01% histamine 


0.01 N HCI 

□ Disseeting pins 

□ Paper tovvels 

□ Compound mieroseope 


PEx 


PhysioEx™9.1 Computer Simulation 
Ex. 6 on p. PEx-93 


7. The_nerve earries parasympathetie impulses to the heart. 

a. eardiae e. phrenie 

b. olfaetory d. vagus 

8. Circle the eorreet underlined term. The phenomenon of vagal eseape / heart 
bloek occurs vvhen the heart stops momentarily then begins to beat again. 

9. Circle True or False. The flovv of blood through eapillary beds is slovv and 
intermittent. 

10._causes extensive vasodilation vvhen applied to the frog vveb. 

a. Calcium 

b. Epinephrine 
e. Histamine 

d. Ringer's solution 


I nvestigations of human cardiovascular physiology are very interesting, but 
many areas obviously do not lend themselves to experimentation. It would be 
tantamount to murder to injeet a human subject with various drngs to observe 
their effeets on heart aetivity or to expose the human heart in order to study the 
length of its refraetory period. However, this type of investigation ean be done on 
frogs or small laboratory animals and provides valuable data because the physio- 
logieal meehanisms in these animals are similar, if not identieal, to those in humans. 

In this exercise, you will conduct the eardiae investigations just mentioned 
and others. In addition, you will observe the microcirculation in a frog’s web and 
subject it to various ehemieal and thermal agents to demonstrate their influence 
on loeal blood flow. 

Speeial Eleetrieal Properties of Cardiac 
Muscle: Automaticity and Rhythmieity 

Cardiac muscle differs from skeletal muscle both functionally and in its fine 
structure. Skeletal muscle must be eleetrieally stimulated to eontraet. In eontrast, 
heart muscle ean and does depolarize spontaneously in the absenee of external 
stimulation. This property, ealled automaticity, is due to plasma membranes that 
have reduced permeability to potassium ions but still allow sodium ions to slowly 
leak into the eells. This leakage causes the muscle eells to gradually depolarize 
until the aetion potential threshold is reaehed and fast calcium ehannels open, 
allowing Ca 2+ entry from the extracellular fluid. Shortly thereafter, eontraetion 
occurs. Also, the spontaneous depolarization-repolarization events occur in a 
regular, continuous manner in eardiae muscle, a property ealled rhythmieity. 

In the following experiment, you will observe these properties of eardiae 
muscle in vitro (that is, removed from the body). Work together in groups of three 
or four. (The instmetor may ehoose to demonstrate this procedure if time or frogs 
are at a premium.) 


A C T I V I T Y 1 


Investigating the Aiitomatieity 
and Rhythmieity of Heart Musde 

1. Obtain a disseeting tray and instraments, disposable gloves, two petri dishes, 
frog Ringer’s solution, a metrie raler, and a medieine dropper, and bring them to 
your laboratory beneh. 

▲ 2. Don the gloves, and then request and obtain a doubly pithed frog from 

your instraetor. Quickly open the thoraeie eavity and observe the heart rate 
in situ (at the site or within the body). 

Reeord the heart rate: beats/min 
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3. Disseet out the heart and the gastrocnemius muscle of 
the ealf and plaee the removed organs in separate petri dishes 
eontaining frog Ringer’s solution. (Note: Just in ease you 
don’t remember, the procedure for removing the gastroene- 
mius muscle is provided on page 237 in Exercise 14. The 
extreme eare used in that procedure for the removal of the 
gastrocnemius muscle need not be exercised here.) 

4. Observe the aetivity of the two organs for a few seeonds. 

Which is eontraeting?_ 

At what rate? beats/min 


Truncus arteriosus 
Right atrium- 


Left atrium 
Ventriele - 



Is the eontraetion rhythmie?) 



5. Sever the sinus venosus from the heart (Figure 34.1). 
The sinus venosus of the frog’s heart eorresponds to the SA 
node of the human heart. 

Does the sinus venosus continue to beat?_ 

If not, lightly touch it with a probe to stimulate it. Reeord its 
rate of eontraetion. 

Rate:_beats/min 

6. Sever the right atrium from the heart; then remove the left 
atrium. Does eaeh atrium continue to beat? 


Atria 


Ventriele 




_Rate:_beats/min 

Does the ventriele continue to beat?_ 

Rate:_beats/min 

7. Notiee that frogs have a single ventriele (Figure 34.1). 

Fragment the ventriele to determine how small the ventricu- 
lar fragments must be before the automaticity of ventricular 
muscle is abolished. Measure these fragments and reeord 
their approximate size. 

_mm X_mm X_mm 

Which portion of the heart exhibited the most marked auto- 
matieity? 


Which showed the least? 


Right anterior eaval vein 


Left anterior eaval vein 


Sinus venosus 


Posterior eaval vein 



(e) 

Figure 34.1 Anatomy of the frog heart. (a) Ventral 
view showing the single truncus arteriosus leaving the 
undivided ventriele. (b) Longitudinal seetion showing the 
two atrial and single ventricular ehambers. (e) Dorsal view 
showing the sinus venosus (paeemaker). 


8. Properly dispose of the frog and heart fragments in the 
appropriate eontainer before continuing. H 

Baseline Frog Heart Aetivity 

The heart’s effeetiveness as a pump is dependent both on intrin- 
sie (within the heart) and extrinsic (external to the heart) eon- 
trols. In this aetivity, you will investigate some of these faetors. 


The nodal system, in which the “paeemaker” imposes its 
depolarization rate on the rest of the heart, is one intrinsie fae- 
tor that influences the heart’s pumping aetion. If its impulses 
fail to reaeh the ventrieles (as in heart bloek), the ventrieles 
continue to beat but at their own inherent rate, which is much 
slower than that usually imposed on them. Although heart 
eontraetion does not depend on nerve impulses, its rate ean 
be modified by extrinsic impulses reaehing it through the 
autonomic nerves. Additionally, eardiae aetivity is modified 
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Figure 34.2 Physiograph setup for 
reeording the aetivity of the frog heart. 



Transducer 

eable 


Transducer 

coupler 


Foree 
transducer 



Channel 

amplifier 



by various ehemieals, hormones, ions, and metabolites. The 
effeets of several of these ehemieal faetors are examined in 
the next experimental series. 

The frog heart has two atria and a single, ineompletely 
divided ventriele (see Figure 34.1). The paeemaker is loeated 
in the sinus venosus, an enlarged region between the venae 
eavae and the right atrium. The SA node of mammals may 
have evolved from the sinus venosus. 


A C T I V I T Y 2 


Reeording Baseline Frog Heart Aetivity 

To reeord baseline frog heart aetivity, work in groups of 
four—two students handling the equipment setup and two 
preparing the frog for experimentation. Two sets of instrae- 
tions are provided for apparatus setup—one for the physio- 
graph (Figure 34.2), the other for BIOPAC® (Figure 34.3). 
Follow the procedure outlined for the apparatus you will 
be using. 


Apparatus Setups 

Physiograph Apparatus Setup 

1. Obtain a foree transducer, transducer eable, and trans- 
ducer stand, and bring them to the reeording site. 

2. Attaeh the foree transducer to the transducer stand (as 
shown in Figure 34.2). 


3. Then attaeh the transducer eable to the transducer coupler 
(input) on the ehannel amplifier of the physiograph and to the 
foree transducer. 

4. Attaeh the stimulator output extension eable to output on 
the stimulator panel (red to red, blaek to blaek). 

BIOPAC® Apparatus Setup 

1. Connect the BIOPAC® apparatus to the computer and tum 
the computer ON. 

2. Make sure the BIOPAC® unit is OFF. 

3. Set up the equipment (as shown in Figure 34.3). 

4. Turn the BIOPAC® unit ON. 

5. Launch the BIOPAC® BSL PRO software by elieking 
the ieon on the desktop or by following your instraetor’s 
guidance. 

6. Open the Frog Heart template. MP36/35 users: Go to the 
File menu at the top of the sereen and ehoose Open > Files 
of Type = Graph Template (GTL) > FrogHeart.gtl. MP45 
users: Click the BSL PRO tab and navigate to look in the PRO 
lessons. Seleet a04.gtl and eliek OK. 

7. Put the tension adjuster (BIOPAC® HDW100A, or 
equivalent) on the transducer stand, and attaeh the BIOPAC® 
SS12LA foree transducer with the hook holes pointing 
down. Level the foree transducer both horizontally and 
vertieally. 
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BIOPAC® MP45 unit 


Foree 

transducer 



Figure 34.3 BIOPAC® setup for reeording the aetivity of the frog heart. Plug the 
foree transducer into ehannel 1. Transducer is shovvn plugged into the MP36/35 unit. 


8. Set the tension adjuster to approximately one quarter of 
its full range. (Note: Do notfirmly tighten any ofthe thumb- 
screws at this stage.) Seleet a foree range of 0 to 50 grams for 
this experiment. 

9. Seleet and attaeh the small S-hook to the foree transducer. 

Preparation of the Frog 

1. Obtain room-temperature frog Ringer’s solution, a 
medieine dropper, disseeting instmments and tray, dispos- 
able gloves, fine eommon pins (physiograph) or small hook 
(BIOPAC @ ), eotton ball, frog board, large rnbber bands, and 
some thread, and bring them to your beneh. 

▲ 2. Don the gloves, and obtain a doubly pithed frog 

from your instmetor. 

3. Make a longitudinal ineision through the abdominal and 
thoraeie walls with seissors, and then cut through the sternum 
to expose the heart. 

4. Grasp the perieardial sae with foreeps, and cut it open so 
that the beating heart ean be observed. 

Is the sequence an atrial-ventricular one?_ 

5. Loeate the vagus nerve, which mns down the lateral 
aspeet of the neek and parallels the traehea and earotid artery. 
(In good light, it appears to be striated.) Slip an 18-ineh length 
of thread under the vagus nerve so that it ean later be lifted 
away from the surrounding tissues by the thread. Then plaee 
a Ringer’s solution-soaked eotton ball over the nerve to keep 
it moistened until you are ready to stimulate it later in the 
procedure. 

6. Using a medieine dropper, flush the heart with Ringer’s 
solution. From this point on the heart must be kept continually 
moistened with room-temperature Ringer’s solution unless 

other solutions are being used for the experimentation. 

7. Attaeh the frog to the frog board using large mbber bands. 


Physiograph Frog Heart Preparation 

1. Bend a eommon pin to a 90° angle, and tie to its head a 
thread 0.46-0.5 m (18-20 inehes) long. Take eare not to penetrate 
the ventricular ehamber as you foree the pin through the apex 
of the heart until the apex is well secured in the angle of the pin. 

2. Tie the thread from the heart to the hook on the foree 
transducer. Do not pull the thread too tightly. It should be taut 
enough to lift the heart apex upward, away from the thorax, 
but should not streteh the heart. Adjust the foree transducer as 
neeessary. (See Figure 34.2.) 

BIOPAC® Frog Heart Preparation 

1. Attaeh a small hook tied with thread to the frog heart, fol- 
lowing the instmetions in step 1 of the physiograph instme- 
tions above to insert it through the apex of the heart. Confirm 
that the prepared frog is firmly attaehed to the frog board, 
positioned below the ring stand with the line mnning verti- 
eally from the frog heart to the transducer. 

2. Slide the tension adjuster/force transducer assembly 
down the ring stand until you ean hang the loop loosely from 
the S-hook, then slide it baek up until the line is taut but the 
heart muscle is not stretehed (be careful not to tear the heart). 





3. Position the tension adjuster and/or foree transducer so that 
the top is level, with approximately 10 em (4 inehes) of line 
from the heart to the S-hook. Adjust the assembly so that the 
thread line mns vertieally; for a tme refleetion of the muscle’s 
eontraetile foree, the muscle must not be pulled at an angle. 

4. Use the tension adjuster knob to make the line taut and 
tighten all thumbscrews to secure positioning of the assem- 
bly. Let the setup sit for a minute, then reeheek the tension to 
make sure nothing has slipped or stretehed. 

5. Data may be distorted if the transducer line is not pull- 
ing direetly vertieal from the frog heart to the S-hook. Onee 
again, align the frog as deseribed above and make sure that 
the heart is not twisting the thread. If it is twisting, you will 
need to carefully remove the hook and repeat the setup. 
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Atrial Ventricular systole 
eontraetion 



(a) One-seeond time line 



(b) One-second time line 

Figure 34.4 Physiograph reeording of eontraetile 
aetivity of a frog heart. (a) Normal heartbeat. 

(b) indiietion of an extrasystole. 

6. BIOPAC® calculates rate data, which always trails the 
actual rate by one eyele. Data eolleetion is a sensitive pro- 
eess and may display artifaets from table movement, heart 
movement (for instanee, from breathing on the heart), and 
ehemieals touching the heart. To get the best data, keep the 
experimental area stable, elean, and elear of obstmetions. 
Hints for obtaining best data: 

• The SS12LA foree transducer must be level on the hori- 
zontal and vertieal planes. 

• Set up the tension adjuster and foree transducer in 
positions that minimize their movement when tension is 
applied. Keep the point of S-hook attaehment as elose as 
possible to the ring stand support. 

• Position the tension adjuster so that you will not bump 
the eables or frog board when using the adjustment knob. 

• Position and/or tape the foree transducer eables where 
they will not be pulled or bumped easily. 

• Make sure the frog board is on a stable surface. 

• Make sure the frog is firmly attaehed to the frog board so 
it will not rise up when tension is applied. 

Making the Baseline Reeording 

llsing the Physiograph 

1. Turn the amplifier on and balanee the apparatus aeeord- 
ing to instmetions provided by your instmetor. Set the paper 
speed at 0.5 em/see. Press the reeord and paper advanee 
buttons. 

2. Set the signal magnet or time marker at 1/see. 

3. Reeord 12 to 15 normal heartbeats. Be sure you ean dis- 
tinguish atrial and ventricular eontraetions (Figure 34.4). 
Then adjust the paper or seroll speed so that the peaks of 
ventricular eontraetions are approximately 2 em apart. (Peaks 



Figure 34.5 Example of baseline frog heart rate data. 


indieate systole; troughs indieate diastole.) Pay attention to 
the relative foree of heart eontraetions while reeording. 

Using BIOPAC® 

1 . Click Start to begin reeording. 

2. Observe at least 5 heart rate eyeles, then eliek Stop to 
stop reeording. Your data should look like that in the example 

(Figure 34.5). 

3. Choose Save from the File menu, and type in a filename 
to save the reeorded data. You may want to save by your 
team’s name followed by FrogHeart-1 (for example, Smith- 
FrogHeart-1). 

Analyzing the Baseline Data 

Count the number of ventricular eontraetions per minute from 
your physiograph or BIOPAC® data, and reeord: 

_beats/min 

Compute the A-V interval (period from the beginning of 
atrial eontraetion to the beginning of ventricular eontraetion). 

_see 

How do the two traeings eompare in time? 


Mark the atrial and ventricular systoles on the reeord. Remember 
to keep the heart moistened with Ringer’s solntion . H 
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AGTIVITY 3 


Investigating the Refraetory Period 
of Cardiac Musde Using the Physiograph 

Repeated rapid stimuli ean cause skeletal muscle to remain in 
a eontraeted state (as demonstrated in Exercise 14). In other 
words, the muscle ean be tetanized. This is possible because 
of the relatively short refraetory period of skeletal muscle. In 
this experiment, you will use the physiograph to investigate 
the refraetory period of eardiae muscle and its response to 
stimulation.* During the procedure, one student should keep 
the stimulating eleetrodes in eonstant eontaet with the frog 
heart ventriele while another student operates the stimulator 
panel. 

1. Using the physiograph, set the stimulator to deliver 20-V 
shoeks of 2-msee duration, and begin reeording. 

2. Deliver single shoeks at the beginning of ventricular eon- 
traetion, the peak of ventricular eontraetion, and then later 
and later in the eardiae eyele. 

3. Observe the reeording for extrasystoles, which are extra 
beats that show up riding on the ventricular eontraetion peak. 
Also note the eompensatory pause, which allows the heart to 
get baek on schedule after an extrasystole. (See Figure 34.4b.) 

During which portion of the eardiae eyele was it possible to 
induce an extrasystole? 


4. Attempt to tetanize the heart by stimulating it at the rate 
of 20 to 30 impulses per seeond. What is the result? 


Considering the function of the heart, why is it important that 
heart muscle eannot be tetanized? 


A C T I V I T Y 4 


Assessing Physieal and ehemieal 
Modifiers of Heart Rate 

Now that you have observed normal frog heart aetivity, you 
will have an opportunity to investigate the effeets of various 
faetors that modify heart aetivity. In eaeh ease, reeord a 
few normal heartbeats before introducing the modifying 
faetor. After removing the agent, allow the heart to return to 


its normal rate before continuing with the testing. On eaeh 
reeord, indieate the point of introduction and removal of the 
modifying agent. 

For eaeh physieal agent or solution that is applied: 

If using the physiograph, inerease the seroll or paper 
speed so that heartbeats appear as spikes 4 to 5 mm apart. 

If iising BIOPA C®, after applying eaeh solution, eliek 
the Start button. When the effeet is observed, reeord the 
effeet for five eyeles, then eliek Stop. Choose Save from the 
File menu to save your data. 

(Note: Repeat these steps for eaeh physieal agent or 
ehemieal solution that is being applied.) 

Temperature 

1. Obtain 5°C and 32°C frog Ringer’s solutions and medi- 
eine droppers. 

2. Bathe the heart with 5°C Ringer’s solution, and continue 
to reeord until the reeording indieates a ehange in eardiae 
aetivity and five eardiae eyeles have been reeorded. 

3. Stop reeording, pipette off the eold Ringer’s solution 
(remove the fluid by sucking it into the barrel of a medieine 
dropper), and flood the heart with room-temperature Ringer’s 
solution. 

4. Start reeording again to determine the resumption of the 
normal heart rate. When this has been aehieved, flood the 
heart with 32°C Ringer’s solution, and again reeord five ear- 
diae eyeles after a ehange is noted. 

5. Stop the reeording, pipette off the warm Ringer’s solu- 
tion, and bathe the heart with room-temperature Ringer’s 
solution onee again. 

What ehange occurred with the eold (5°C) Ringer’s solution? 


What ehange occurred with the warm (32°C) Ringer’s 
solution? 


6. Count the heart rate at the two temperatures, and reeord 
the data below. 

_beats/min at 5°C;_beats/min at 32°C 

Chemical Agents 

Piloearpine 

Flood the heart with a 2.5% solution of piloearpine. Reeord 
until a ehange in the pattern of the ECG is notieed. Pipette 
off the excess piloearpine solution, and proeeed immediately 
to the next test, which uses atropine as the testing solution. 
What happened when the heart was bathed in the piloearpine 
solution? 


*BIOPAC® users may investigate the refraetory period of eardiae 
muscle by using PhysioEx Exercise 6. 
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Piloearpine simulates the effeet of parasympathetie (vagal) 
nerve stimulation by enhaneing aeetyleholine release; such 
drngs are ealled parasympathomimetie drngs. 

Is piloearpine an agonist or an antagonist of aeetyleholine? 


Atropine Sulfate 

Apply a few drops of atropine sulfate to the frog’s heart, and 
observe the reeording. If no ehanges are observed within 
2 minutes, apply a few more drops. When you observe a 
response, pipette off the excess atropine sulfate and flood the 
heart with room-temperature Ringer’s solution. What hap- 
pens when the atropine sulfate is added? 


Atropine is a dmg that bloeks the effeet of the neurotransmit- 
ter aeetyleholine, which is liberated by the parasympathetie 
nerve endings. Do your results accurately refleet this effeet 
of atropine? 


Is atropine an agonist or an antagonist of aeetyleholine? 


Epinephrine 

Flood the frog heart with epinephrine solution, and continue 
to reeord until a ehange in heart aetivity is noted. 

What are the results? 


Which division of the autonomic nervous system does its 
effeet mimie? 


Digitalis 

Pipette off the excess epinephrine solution, and rinse the heart 
with room-temperature Ringer’s solution. Continue reeord- 
ing, and when the heart rate returns to baseline values, bathe it 
in digitalis solution. What is the effeet of digitalis on the heart? 


Digitalis is a dmg eommonly preseribed for heart patients 
with eongestive heart failure. It slows heart rate, providing 
more time for venous return and deereasing the work of the 


weakened heart. These effeets are thought to be due to inhibi- 
tion of the sodium-potassium pump and enhaneement of Ca 2+ 
entry into the myoeardial fibers. 

Various lons 

To test the effeet of various ions on the heart, apply the des- 
ignated solution until you observe a ehange in heart rate or 
in strength of eontraetion. Pipette off the solution, flush with 
room-temperature Ringer’s solution, and allow the heart to 
resume its normal rate before continuing. Do not allow the 
heart to stop. If the rate should deerease dramatieally, flood 
the heart with room-temperature Ringer’s solution. 

Effeet of Ca 2+ (use 2% CaCl 2 )_ 


Effeet of Na + (use 0.7% NaCl) 


Effeet of K + (use 5% KC1) 


Potassium ion eoneentration is normally higher within 
eells than in the extracellular fluid. Hyperkalemia deereases 
the resting potential of plasma membranes, thus deereasing 
the foree of heart eontraetion. In some eases, the conduction 
rate of the heart is so depressed that eetopie paeemakers 
(paeemakers appearing erratieally and at abnormal sites in 
the heart muscle) appear in the ventrieles, and fibrillation 
may occur. Was there any evidenee of premature beats in the 

reeording of potassiiim ion effeets?_ 

Was arrhythmia produced with any of the ions tested? 

_If so, which?_ 

Vagus Nerve Stimulation 

The vagus nerve earries parasympathetie impulses to the 
heart, which modify heart aetivity. If you are using the phys- 
iograph, you ean test this by stimulating the vagus nerve.* 

1. Remove the eotton plaeed over the vagus nerve. Using the 
previously tied thread, lift the nerve away from the tissues and 
plaee the nerve on the stimulating eleetrodes. 

2. Using a duration of 0.5 msee at a voltage of 1 mV, stimu- 
late the nerve at a rate of 50/see. Continue stimulation until the 
heart stops momentarily and then begins to beat again (vagal 
eseape). If no effeet is observed, inerease stimulus intensity 
and try again. If no effeet is observed after a substantial 
inerease in stimulus voltage, reexamine your “vagus nerve” 
to make sure that it is not simply strands of eonneetive tissue. 

3. Discontinue stimulation after you observe vagal eseape, 
and flush the heart with room-temperature Ringer’s solution 

*BIOPAC® users may observe the effeets of vagal stimulation by 
using PhysioEx Exercise 6. 
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until the normal heart rate resumes. What is the effeet of vagal 
stimulation on heart rate? 


The phenomenon of vagal eseape demonstrates that many 
faetors are involved in heart regulation and that any deleteri- 
ous faetor (in this ease, excessive vagal stimulation) will be 
overeome, if possible, by other physiologieal meehanisms 
such as aetivation of the sympathetie division of the auto- 
nomie nervous system (ANS). 

intrinsie Conduction System 
Disturbance (Heart Bloek) 

1. Moisten a 25-em (10-ineh) length of thread and make a 
Stannius ligature (loop the thread around the heart at the junc- 
tion of the atria and ventriele). 

2. If using a physiograph, deerease the seroll or paper speed 
to aehieve intervals of approximately 2 em between the ven- 
tricular eontraetions, and reeord a few normal heartbeats. 

3. Tighten the ligature in a stepwise manner while observ- 
ing the atrial and ventricular eontraetion curves. As heart 
bloek occurs, the atria and ventriele will no longer show a 1:1 
eontraetion ratio. Reeord a few beats eaeh time you observe 
a different degree of heart bloek—a 2:1 ratio of atrial to 
ventricular eontraetions, 3:1, 4:1, and so on. As long as you 
ean continue to count a whole number ratio between the two 
ehamber types, the heart is in partial heart bloek. When you 
ean no longer count a whole number ratio, the heart is in total, 
or eomplete, heart bloek. 

4. When total heart bloek occurs, release the ligature to see 
if the normal A-V rhythm is reestablished. What is the result? 


Vascular shunt 


Preeapillary sphineters 


Metarteriole 


Terminal arteriole 


Thoroughfare 

ehannel 



Posteapillary venule 


(a) Sphineters open 



Terminal arteriole 


Posteapillary venule 


(b) Sphineters elosed 


5. Attaeh properly labeled reeordings (or eopies of the 
reeordings) made during this procedure to the last page of 
this exercise for future referenee. 

6. Dispose of the frog remains and gloves in appropriate 
eontainers, and dismantle the experimental apparatus before 
continuing. H 

The Microcirculation 
and Loeal Blood Flow 

The thin web of a frog’s foot provides an excellent opportunity 
to observe the flow of blood to, from, and within the eapillary 
beds, where the real business of the circulatory system occurs. 
The flow of blood through a eapillary bed is ealled the miero- 
circulation. Arterioles earry blood to the eapillary bed; venules 
earry blood away. Most eapillary beds eonsist of a vascular 
shunt, ealled the metarteriole-thoroughfare ehannel, and 
tme eapillaries, the actual exchange vessels (Figure 34.6). 

The total eross-seetional area of the eapillaries in the 
body is much greater than that of the veins and arteries eom- 
bined. Thus, the veloeity of flow through the eapillary beds is 
quite slow. Capillary flow is also intermittent, because if all 


Figure 34.6 Anatomy of a eapillary bed. The eomposite 
metarteriole—thoroughfare ehannels aet as shunts to 
bypass the true eapillaries when preeapillary sphineters 
eontrolling blood entry into the true eapillaries are 
eonstrieted. 


eapillary beds were fìlled with blood at the same time, there 
would be no blood at all in the large vessels. The flow of blood 
into the eapillary beds is regulated by the aetivity of muscular 
terminal arterioles, which feed the beds, and by preeapillary 
sphineters at entranees to the true eapillaries. The amount of 
blood flowing into the tme eapillaries of the bed is regulated 
most importantly by loeal ehemieal eontrols (loeal eoneen- 
trations of earbon dioxide, histamine, pH). Thus a eapillary 
bed may be flooded with blood or almost entirely bypassed 
depending on what is happening within the body or in a par- 
ticular body region at any one time. You will investigate some 
of the loeal eontrols in the next group of experiments. 


A C T I V I T Y 5 


Investigating the Effeet of Various 
Faetors on the Mieroeireiilation 

1. Obtain a frog board (with a hole at one end), disseet- 
ing pins, disposable gloves, frog Ringer’s solution (room 
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temperature, 5°C, and 32°C), 0.01 A HC1, 0.01% histamine 
solution, 1% epinephrine solution, a large rnbber band, and 
some paper towels. 

2. Put on the gloves and obtain a frog (alive and hopping, not 
pithed). Moisten several paper towels with room-temperature 
Ringer’s solution, and wrap the frog’s body securely with 
them. One hind leg should be left unsecured and extending 
beyond the paper eoeoon. 

3. Attaeh the frog to the frog board (or other supporting 
structure) with a large rnbber band and then carefully spread 
(but do not streteh) the web of the exposed hindfoot over the 
hole in the support. Have your partners hold the edges of 
the web firmly for viewing. Alternatively, secure the toes to 
the board with disseeting pins. 

4. Obtain a compound mieroseope, and observe the web 
under low power to find a eapillary bed. Focus on the ves- 
sels in high power. Keep the web moistened with Ringer’s 
solution as you work. If the circulation seems to stop during 
your observations, massage the hind leg of the frog gently to 
restore blood flow. 

5. Observe the red blood eells of the frog. Notiee that, unlike 
human RBCs, they are nucleated. Watch their movement 
through the smallest vessels—the eapillaries. Do they move in 
single file, or do they flow through two or three eells abreast? 


Are they flexible?_Explain._ 

Can you see any white blood eells in the eapillaries? 
_If so, which types?_ 

6. Notiee the relative speed (veloeity) of blood flow through 
the blood vessels. Differentiate between the arterioles, which 
feed the eapillary bed, and the venules, which drain it. This 
may be trieky, because images are reversed in the mieroseope. 
Thus, the vessel that appears to feed into the eapillary bed will 
actually be draining it. You ean distinguish between the ves- 
sels, however, if you eonsider that the flow is more pulsating 
and turbulent in the arterioles and smoother and steadier in 
the venules. How does the veloeity of flow in the arterioles 
eompare with that in the venules? 


In the eapillaries?_ 

What is the relative differenee in the diameter of the arterioles 
and eapillaries? 


Temperature 

1. To investigate the effeet of temperature on blood flow, 
flood the web with 5°C Ringer’s solution two or three times to 
ehill the entire area. Is a ehange in vessel diameter notieeable? 


_Which vessels are affeeted?_ 

How?_ 

2. Blot the web gently with a paper towel, and then bathe 
the web with warm (32°C) Ringer’s solution. Reeord your 
observations. 


Inflammation 

1. Pipette 0.01 N HC1 onto the frog’s web. Hydroehlorie 
aeid will aet as an irritant and cause a loealized inflammatory 
response. Is there an inerease or deerease in the blood flow 
into the eapillary bed following the applieation of HC1? 


What purpose do these loeal ehanges serve during a loealized 
inflammatory response? 


2. Flush the web with room-temperature Ringer’s solution 
and blot. 

Histamine 

1. Histamine, which is released in large amounts during 
allergie responses, causes extensive vasodilation. Investigate 
this effeet by adding a few drops of histamine solution to the 
frog web. What happens? 


How does this response eompare to that produced by HC1? 


2. Blot the web and flood with 32°C Ringer’s solution as 
before. Now add a few drops of 1% epinephrine solution, and 
observe the web. What are epinephrine’s effeets on the blood 
vessels? 


Epinephrine is used elinieally to reverse the vasodilation seen 
in severe allergie attaeks (such as asthma), which are medi- 
ated by histamine and other vasoaetive molecules. 

3. Return the dropper bottles to the supply area and the frog 
to the terrarium. Properly elean your work area before leaving 
the lab. H 
























Name_ 

Lab Time/Date 



Speeial Eleetrieal Properties of Cardiac Muscle: 
Automaticity and Rhythmieity 

1. Define the following terms. 

automaticity: _ 

rhythmieity: _ 

2. Discuss the anatomieal differenees between frog and human hearts._ 





3. Which region of the disseeted frog heart had the highest intrinsie rate of eontraetion?_ 

The greatest aiitomatieity?_ 

The greatest regiilarity or rhythmieity?_How do these properties eorrelate with 

the duties of a paeemaker?_ 


Is this region the paeemaker of the frog heart?_ 

Which region had the lowest intrinsie rate of eontraetion?_ 

Investigating the Refraetory Period of Cardiac Muscle 

4. Define extrasystole. _ 

5. Respond to the following questions if you used a physiograph._ 

What was the effeet of stimulation of the heart during ventricular eontraetion?_ 

During ventricular relaxation (first portion)?_ 

During the pause interval?_ 

What does this indieate about the refraetory period of eardiae muscle?_ 


521 

























Revievv Sheet 34 


Assessing Physieal and ehemieal Modifiers of Heart Rate 

6. Deseribe the effeet of thermal faetors on the frog heart. 

eold:_heat:_ 

7. Onee again refer to your reeordings. Did the administration of the following produce any ehanges in foree of eontraetion 
(shown by peaks of inereasing or deereasing height)? If so, explain the meehanism. 

epinephrine:_ 


piloearpine: 


calcium ions: 


8. Excessive amounts of eaeh of the following ions would most likely interfere with normal heart aetivity. Note the type of 
ehanges caused in eaeh ease. 


K + : 


Ca 2+ : 


Na + : 


9. Respond to the following questions if you used a physiograph. What was the effeet of vagal stimulation on heart rate? 


Which of the following faetors cause the same (or very similar) heart rate-reducing effeets: epinephrine, aeetyleholine, 
atropine sulfate, piloearpine, sympathetie nervous system aetivity, digitalis, potassium ions? 


Which of the faetors listed above would reverse or antagonize vagal effeets? 


10. What is vagal eseape? 


Why is vagal eseape valuable in maintaining homeostasis? 


11. How does the Stannius ligature used in the laboratory produce heart bloek? 
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12. Define partial heart bloek, and deseribe how it was reeognized in the laboratory. 


13. Define total heart bloek, and deseribe how it was reeognized in the laboratory. 


14. What do your heart bloek experiment results indieate about the spread of impulses from the atria to the ventrieles? 


Observing the Microcirculation (Jnder Various Conditions 

15. In what way are the red blood eells of the frog different from those of the human?_ 


On the basis of this one faetor, would you expect their life spans to be longer or shorter?_ 

16. The following statements refer to your observation of one or more of the vessel types observed in the microcirculation in the 
frog’s web. Characterize eaeh statement by ehoosing the best response from the key. 

Key: a. arteriole b. venule e. eapillary 

_1. smallest vessels observed 

_2. vessel in which blood flow is rapid, pulsating 

_3. vessel in which blood flow is least rapid 

_4. red blood eells pass through these vessels in single file 

_5. blood 11 ow smooth and steady 

_6. most niimeroiis vessels 

_7. vessels that deliver blood to the eapillary bed 

_8. vessels that serve the needs of the tissues via exchanges 

_9. vessels that drain the eapillary beds 


17. Which of the vessel diameters ehanged most? 


What division of the nervous system eontrols the vessels? 
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18. Discuss the effeets of the following on blood vessel diameter (state speeifieally the blood vessels involved) and rate of blood 
flow. Then explain the importanee of the reaetion observed to the general well-being of the body. 

loeal applieation of eold:_ 


loeal applieation of heat: 


inflammation (or applieation of HC1): 


histamine: 










MATERIALS 


□ Large anatomieal ehart of the human 
lymphatie system 

□ Prepared slides of lymph node, spleen, 
and tonsil 

□ Compound mieroseope 

□ Wax marking peneil 

□ Petri dish eontaining simple saline agar 

□ Medieine dropper 

□ Dropper bottles of red and green food 
eolor 

□ Dropper bottles of goat antibody to 
horse serum albumin, goat antibody to 
bovine serum albumin, goat antibody 
to svvine serum albumin, horse 
serum albumin diluted to 20% vvith 
physiologieal saline, unknown albumin 
sample diluted to 20% (prepared from 
horse, swine, and/or bovine albumin) 

□ Colored peneils 



For instructions on animal dissee- 
tions, see the disseetion exercises 
(starting on page 697) in the eat and fetal 
pig editions of this manual. 


PEx 


PhysioEx™ 9.1 Computer Simulation 
Ex. 12 on p. PEx-177 


M 



MasteringA&P @ For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 

A&PFIix 


PEx 




Praetiee quizzes, Fíistology Atlas, eText, 
Videos, and more! 






OBJECTIVES 

1. State the function of the lymphatie system, name its eomponents, and 
eompare its function to that of the blood vascular system. 

2. Deseribe the formation and eomposition of lymph, and discuss how it is 
transported through the lymphatie vessels. 

3. Relate immunological memory, speeifieity, and differentiation of self 
from nonself to immune function. 





4. Differentiate between the roles of B eells and T eells in the immune response. 

5. Deseribe the structure and function of lymph nodes, and indieate the 
loeation of T eells, B eells, and maerophages in a typieal lymph node. 


6. Deseribe the major mieroanatomieal features of the spleen and tonsils. 

7. Draw or deseribe the structure of the antibody monomer, and name the five 
immunoglobulin subclasses. 


8. Differentiate between antigen and antibody. 

9. Explain how the Ouchterlony test deteets antigens by using the antigen- 
antibody reaetion. 


PRE-LAB Q U I Z 

1. Circle True or False. The lymphatie system proteets the body by removing 
foreign material such as baeteria from the lymphatie stream. 

2. Lymph is 

a. excess blood that has eseaped from veins 

b. excess tissue fluid that has leaked out of eapillaries 
e. excess tissue fluid that has eseaped from arteries 

3. Circle True or False. Collecting lymphatie vessels have three tunics and are 
equipped with valves like veins. 

4. _, which serve as filters for the lymphatie system, occur at various 

points along the lymphatie vessels. 

a. Glands b. Lymph nodes e. Valves 

5. Circle True or False. The immune response is a systemie response that occurs when 
the body reeognizes a substance as foreign and aets to destroy or neutralize it. 

6. Three eharaeteristies of the immune response are the ability to distinguish 

self from nonself, memory, and 

a. autoimmunity b. speeifieity e. susceptibility 

7. Circle the eorreet underlined term. B eells / T eells differentiate in the thymus. 

8. Circle the eorreet underlined term. T eells mediate humoral / cellular 
immunity because they destroy eells infeeted with vimses and eertain 
baeteria and parasites. 

9. Circle True or False. Antibodies are produced by plasma eells in response to 
antigens and are found in all body seeretions. 

10. Antibodies that have only one structural unit (monomer) eonsist of 
_protein ehains, eonneeted by disulfide bonds. 

a. two e. four 

b. three d. six 
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T he overall function of the lymphatie system is twofold: 

(1) it transports tissue fluid (lymph) to the blood ves- 
sels, and (2) it proteets the body by removing foreign 
material such as baeteria from the lymphatie stream and by 
serving as a site for lymphoeyte “polieing” of body fluids and 
lymphoeyte multiplication. 

The Lymphatie System 

The lymphatie system eonsists of a network of lymphatie 
vessels (lymphaties), lymphoid tissue, lymph nodes, and a 


number of other lymphoid organs, such as the tonsils, thymus, 
and spleen. We will focus on the lymphatie vessels and lymph 
nodes in this seetion. The white blood eells that are the eentral 
aetors in body immunity are deseribed later in this exercise. 

Distribution and Function of Lymphatie 
Vessels and Lymph Nodes 

As blood circulates through the body, the hydrostatie and 
osmotie pressures operating at the eapillary beds result in 
fluid outflow at the arterial end of the bed and in its return at 
the venous end. However, not all of the lost fluid is returned 
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Figure 35.1 Lymphatie system. (a) Simplified seheme of 
the relationship of lymphatie vessels to blood vessels of 
the eardiovaseiilar system. (b) Distribution of lymphatie 
vessels and lymph nodes. The green-shaded area 
represents body area drained by the right lymphatie 
duct. (e) Major veins in the superior thorax shovving entry 
points of the thoraeie and right lymphatie ducts. The 
major lymphatie trunks are also identified. 
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Figure 35.2 Collecting lymphatie vessel (700x). 


to the bloodstream by this meehanism, and the fluid that lags 
behind in the tissue spaees must eventually return to the blood 
if the vascular system is to operate properly. When flmd is not 
returned, it accumulates in the tissues, producing a eondition 
ealled edema. It is the mieroseopie, blind-ended lymphatie 
eapillaries (Figure 35.1 a), which braneh through nearly 
all the tissues of the body, that piek up this leaked fluid 
(primarily water and a small amount of dissolved proteins) 
and earry it through successively larger vessels— eolleeting 
lymphatie vessels to lymphatie trunks —until the lymph 
finally returns to the blood vascular system through one of 
the two large ducts in the thoraeie region (Figure 35.lb). The 
right lymphatie duct, present in some but not all individu- 
als, drains lymph from the right upper extremity, head, and 
thorax delivered by the jugular, subclavian, and bronehome- 
diastinal trnnks. In individuals without a right lymphatie duct, 
those trnnks open direetly into veins of the neek. The large 
thoraeie duct reeeives lymph from the rest of the body (see 
Figure 35. le). In humans, both ducts empty the lymph into the 
venous circulation at the junction of the internal jugular vein 
and the subclavian vein, on their respeetive sides of the body. 
Notiee that the lymphatie system, laeking both a eontraetile 
“heart” and arteries, is a one-way system; it earries lymph 
only toward the heart. 

Like veins of the blood vascular system, the eolleet- 
ing lymphatie vessels have three tunics and are equipped 
with valves (Figure 35.2). However, lymphaties tend to be 
thinner-walled, to have more valves, and to anastomose (form 
branehing networks) more than veins. Sinee the lymphatie 
system is a pumpless system, lymph transport depends largely 
on the milking aetion of the skeletal muscles and on pressure 
ehanges within the thorax that occur during breathing. 

As lymph is transported, it filters through bean-shaped 
lymph nodes, which cluster along the lymphatie vessels of 
the body. There are thousands of lymph nodes, but because 
they are usually embedded in eonneetive tissue, they are 
not ordinarily seen. Within the lymph nodes are maero- 
phages, phagoeytes that destroy baeteria, eaneer eells, and 
other foreign matter in the lymphatie stream, thus render- 
ing many harmful substances or eells harmless before the 
lymph enters the bloodstream. Particularly large eolleetions 
of lymph nodes are found in the inguinal, axillary, and eervi- 
eal regions of the body. Although we are not usually aware of 



Tonsils (in pharyngeal 
region) 
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aetive during youth) 


Spleen (curves around 
left side of stomaeh) 
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(aggregated lymphoid 
nodules in 
small intestine) 
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Figure 35.3 Lymphoid organs. Loeations of the tonsils, 
thymus # spleen, appendix # and Peyer's patehes. 


the filtering and proteetive nature of the lymph nodes, most of 
us have experienced “swollen glands” during an aetive infee- 
tion. This swelling is a manifestation of the trapping function 
of the nodes. 

Other lymphoid organs—the tonsils, thymus, and 
spleen (Figure 35.3) —resemble the lymph nodes histo- 
logieally, and house similar eell populations (lymphoeytes 
and maerophages). 


A C T I V I T Y 1 


Identifying the Organs 
of the Lymphatie System 

Study the large anatomieal ehart to observe the general plan of 
the lymphatie system. Notiee the distribution of lymph nodes, 
various lymphaties, the lymphatie trnnks, and the loeation of 
the right lymphatie duct and the thoraeie duct. Also identify 
the eisterna ehyli, the enlarged terminus of the thoraeie duct 
that reeeives lymph from the digestive viseera. H 



8R For instmetions on animal disseetions, see the dissee- 


tion exercises (starting on page 697) in the eat and fetal 


pig editions of this manual. 


The lmmune Response 

The adaptive immune system is a functional system that ree- 
ognizes something as foreign and aets to destroy or neutralize 
it. This response is known as the imimine response. It is a 
systemie response and is not restrieted to the initial infeetion 
site. When operating effeetively, the immune response proteets 
us from baeterial and viral infeetions, baeterial toxins, and 
eaneer. When it fails or malfunctions, the body is quickly dev- 
astated by pathogens or assaults by its own immune system. 
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Figure 35.4 Structure of lymph node. (a) Longitudina 
view of the internal structure of a lymph node and 
assoeiated lymphaties. Notiee that the afferent vessels 
outnumber the efferent vessels, which slows the rate of 
lymph flow. The arrows indieate the direetion of the lymph 
flow. (b) Photomierograph of part of a lymph node (20x). 





Major Characteristics 
of the lmmune Response 

The most important eharaeteristies of the immune response 
are its (1) memory, (2) speeifieity, and (3) ability to differ- 
entiate self from nonself. Not only does the immune system 
have a “memory” for previously encountered foreign antigens 
(the ehieken pox virus for example), but this memory is also 
remarkably accurate and highly speeifie. 

An almost limitless variety of things are antigens —that 
is, anything eapable of provoking an immune response and 
reaeting with the products of the response. Nearly all foreign 
proteins, many polysaeeharides, baeteria and their toxins, 
vimses, mismatehed RBCs, eaneer eells, and many small 
molecules (haptens), when linked to our own body proteins, 
exhibit this eapability. The eells that reeognize antigens 
and initiate the immune response are lymphoeytes, the see- 
ond most numerous members of the leukocyte, or white 
blood eell (WBC), population. Eaeh immunocompetent lym- 
phoeyte is virtually monospeeifie; that is, it has reeeptors on 
its surface allowing it to bind with only one or a few very 
similar antigens. 

As a mle, our own proteins are tolerated, a faet that 
refleets the ability of the immune system to distinguish 
our own tissues (self) from foreign antigens (nonself). 
Nevertheless, an inability to reeognize self ean and does 
oeeasionally happen, and our own tissues are attaeked by 
the immune system. This phenomenon is ealled autoimmu- 
nity. Autoimmune diseases include multiple selerosis (MS), 
myasthenia gravis, Graves’ disease, glomemlonephritis, 


rheumatoid arthritis (RA), and type 1 (insulin-dependent) 
diabetes mellitus. 

Organs, Cells, and Cell interaetions 
of the lmmune Response 

The immune system uses as part of its arsenal the lymphoid 
organs and lymphoid tissues, including the thymus, lymph 
nodes, spleen, tonsils, appendix, and bone marrow. Of these, 
the thymus and bone marrow are eonsidered to be the primary 
lymphoid organs. The others are seeondary lymphoid organs 
and tissues. 

The stem eells that give rise to the immune system arise 
in the bone marrow. Their subsequent differentiation into 
one of the two populations of immunocompetent lympho- 
eytes occurs in the primary lymphoid organs. The B eells 
(B lymphoeytes) differentiate in bone marrow, and the T eells 
(T lymphoeytes) differentiate in the thymus. While in their 
“programming organs” the lymphoeytes beeome immuno- 
eompetent, an event indieated by the appearanee of speeifie 
cell-surface proteins that enable the lymphoeytes to respond 
(by binding) to a particular antigen. 

After differentiation, the B and T eells leave the bone 
marrow and thymus, respeetively; enter the bloodstream; 
and travel to peripheral (seeondary) lymphoid organs, where 
elonal seleetion occurs. Clonal seleetion is triggered when 
an antigen binds to the speeifie cell-surface reeeptors of a 
T or B eell. This event causes the lymphoeyte to proliferate 
rapidly, forming a elone of like eells, all bearing the same 
antigen-speeifie reeeptors. Then, in the presenee of eertain 
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Figure 35.5 The spleen. (a) Gross structure. (b) Diagram of the histologieal structure. 
(e) Photomierograph of spleen tissue shovving vvhite and red pulp regions (30x). 


regulatory signals, the members of the elone speeialize, or dif- 
ferentiate—some forming memory eells and others beeoming 
effeetor or regulatory eells. Upon subsequent meetings with 
the same antigen, the immune response proeeeds eonsiderably 
faster because the troops are already mobilized and awaiting 
further orders, so to speak. 

In the ease of B eell elones, some beeome memory 
B eells; the others form antibody-producing plasma eells. 
Because the B eells aet indireetly through the antibodies 
that their progeny release into the bloodstream (or other 
body fluids), they are said to provide humoral immunity. 
T eell elones are more diverse. Although all T eell elones 
also eontain memory eells, some elones eontain cytotoxic 
T eells (effeetor eells that direetly attaek virus-infected 
tissue eells). Others eontain helper T eells, which help 
aetivate the B eells and cytotoxic T eells, and still others 
eontain regulatory T eells, which ean inhibit the immune 
response. Because eertain T eells aet direetly to destroy 
eells infeeted with vimses, eertain baeteria or parasites, 
and eaneer eells, and to rejeet foreign grafts, T eells are 
said to mediate cellular immunity. 

Absenee or failure of thymie differentiation of 


T lymphoeytes results in a marked depression of 
both antibody and eell-mediated immune functions. Addi- 
tionally, the observation that the thymus naturally shrinks 
with age has been eorrelated with the relatively immune- 
defieient status of elderly individuals. + 

All lymphoid tissues except the thymus and bone marrow 
eontain both T and B eell-dependent regions. 


ACTI VITY 2 


Studying the Mieroseopie Anatomy of a 
Lymph Node, the Spleen, and a Tonsil 

1. Obtain a compound mieroseope and prepared slides of a 
lymph node, spleen, and a tonsil. As you examine the lymph 
node slide, notiee the following anatomieal features (depieted 
in Figure 35.4). The node is enelosed within a fibrous 
capsule, from which eonneetive tissue septa (trabeculae) 
extend inward to divide the node into several eompartments. 


Very fine strands of reticular eonneetive tissue issue from the 
trabeculae, forming the stroma of the gland within which eells 
are found. 

In the outer region of the node, the cortex, some of the 
eells are arranged in globular masses, referred to as germi- 
nal eenters. The germinal eenters eontain rapidly dividing 
B eells. The rest of the eortieal eells are primarily T eells 
that circulate continuously, moving from the blood into 
the node and then exiting from the node in the lymphatie 
stream. 

In the internal portion of the gland, the medulla, the 
eells are arranged in eordlike fashion. Most of the medullary 
eells are maerophages. Maerophages are important not only 
for their phagoeytie function but also because they play an 
essential role in “presenting” the antigens to the T eells. 

Lymph enters the node through a number of afferent 
vessels, circulates through lymph sinuses within the node, and 
leaves the node through efferent vessels at the hilrnn. Sinee 
eaeh node has fewer efferent than afferent vessels, the lymph 
flow stagnates somewhat within the node. This allows time 
for the generation of an immune response and for the maero- 
phages to remove debris from the lymph before it reenters the 
blood vascular system. 

2. As you observe the slide of the spleen, look for the 
areas of lymphoeytes suspended in reticular fibers, the white 
pulp, clustered around eentral arteries (Figure 35.5). The 
remaining tissue in the spleen is the red pulp, which is 
eomposed of splenie sinusoids and areas of reticular tissue 
and maerophages ealled the splenie eords. The white pulp, 
eomposed primarily of lymphoeytes, is responsible for the 
immune functions of the spleen. Maerophages remove worn- 
out red blood eells, debris, baeteria, vimses, and toxins from 
blood flowing through the sinuses of the red pulp. 

3. As you examine the tonsil slide, notiee the follieles eon- 
taining germinal eenters surrounded by seattered lympho- 
eytes. The eharaeteristie tonsillar erypts (invaginations of 
the mucosal epithelium) of the tonsils trap baeteria and other 
foreign material (Figure 35.6). Eventually the baeteria work 
their way into the lymphoid tissue and are destroyed. H 
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GROUP GHALLENGE 


Compare and Contrast Lymphoid 
Organs and Tissues 


For eaeh pair of lymphoid structures listed in the Groiip 
Challenge ehart, deseribe ways in which they are similar 
and ways in which they differ. Use your textbook or another 


appropriate referenee for eomparing Peyer’s patehes and 
the thymus with other structures. Remember to eonsider 
both structural and functional similarities and differenees. 


Group ehallenge: Lymphoid Structure Comparisons 

Lymphoid pair 

Similarities 

Differenees 

Lymph node 

Spleen 



Lymph node 

Tonsil 



Peyer's patehes 

Tonsils 



Tonsil 

Spleen 



Thymus 

Spleen 






Tonsillar erypt -• L Germinal eenters 

in lymphoid follieles 


Figure 35.6 Histology of a palatine tonsil. The luminal 
surface is eovered with epithelíum that invaginates 
deeply to form erypts (10x). 


Antibodies and Tests 
for Their Presenee 

Antibodies, or immunoglobulins (Igs), produced by sensi- 
tized B eells and their plasma eell offspring in response to an 
antigen, are a heterogeneous group of proteins that make up 
the general elass of plasma proteins ealled gamma globulins. 
Antibodies are found not only in plasma but also (to greater 
or lesser extents) in all body seeretions. Five major elasses of 
immunoglobulins have been identified: IgM, IgG, IgD, IgA, 
and IgE. The immunoglobulin elasses share a eommon basie 
structure but differ functionally and in their loealization in 
the body. 

All Igs are eomposed of one or more structural units 
ealled antibody monomers. A monomer eonsists of four pro- 
tein ehains bound together by disulfide bridges (Figure 35.7). 
Two of the ehains are quite large and have a high molecular 
weight; these are the heavy ehains. The other two ehains are 
only half as long and have a low molecular weight. These are 
ealled light ehains. The two heavy ehains have a eonstant 
(C) region, in which the amino aeid sequence is the same in 
a elass of immunoglobulins, and a variable (V) region, which 
differs in the Igs formed in response to different antigens. The 
same is tme of the two light ehains; eaeh has a eonstant and a 
variable region. 
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Antigen-binding 
site 





Heavy ehain 
variable region 

Heavy ehain 
eonstant region 

Light ehain 
variable region 


J Light ehain 
eonstant region 


<X> Disulfide bond 



region 


Antigen-binding 
site 


region 



Antigen 


Antigenie 

determinant 


Part of V 


(a) 


(b) 


Figure 35.7 Antibody structure. (a) Sehematie antibody structure eonsists of two 
heavy ehains and two light ehains eonneeted by disulfide bonds. (b) Enlargement of 
an antigen-binding site of an immunoglobulin. 


The intaet Ig molecule has a three-dimensional shape 
that is generally Y shaped. Together, the variable regions 
of the light and heavy ehains in eaeh “arm” eonstmet one 
antigen-binding site uniquely shaped to “fit” a speeifie 
antigenie determinant (portion) of an antigen. Thus, eaeh 
Ig monomer bears two identieal sites that bind to identieal 
antigenie determinants. Binding of the immunoglobulins to 
their eomplementary antigen(s) effeetively immobilizes the 
antigens until they ean be phagoeytized or lysed by eomple- 
ment fixation. 

Although the role of the immune system is to proteet 
the body, symptoms of eertain diseases involve excessively 
high antibody synthesis (as in multiple myeloma, a eaneer 
of the bone marrow and adjaeent bony structures) and/or the 
production of abnormal antibodies. 

The antigen-antibody reaetion is used diagnostieally in a 
variety of ways. One of the most familiar is blood typing. (See 
Exercise 29 for instmetions on ABO and Rh blood typing.) 
Pregnaney tests also use the antigen-antibody reaetion to test 
for the presenee of human ehorionie gonadotropin (hCG), 
a hormone produced early in pregnaney. Another technique 
for deteeting antigens is the enzyme-linked immunosorbent 
assay (ELISA). Originally designed to measure antibody titer, 
ELISA has been modified for use in HIV-1 blood sereening. 
The antigen-antibody test that we will use in this laboratory 
session is the Ouchterlony technique, which is used mainly 
for rapid sereening of suspected antigens. 

Ouchterlony Double-Gel Diffusion, 
an imrrmnologieal Technique 

The Ouchterlony double-gel diffusion technique was devel- 
oped in 1948 to deteet the presenee of particular antigens in 
sera or extracts. Antigens and antibodies are plaeed in wells 
in a gel and allowed to diffuse toward eaeh other. If an antigen 
reaets with an antibody, a thin white line ealled a preeipitin 
line forms. In the following aetivity, the double-gel diffusion 
technique will be used to identify antigens. Work in groups 
of no more than three. 


A C T I V I T Y 3 


Using the Ouchterlony Technique 
to Identify Antigens 

1. Obtain one eaeh of the materials for conducting the 
Ouchterlony test: petri dish eontaining saline agar; medieine 
dropper; wax marking peneil; and dropper bottles of red and 
green food dye, horse semm albumin, an unknown semm albu- 
min sample, and antibodies to horse, bovine, and swine albu- 
min. Put your initials and the number of the unknown albumin 
sample used on the bottom of the petri dish near the edge. 

2. Use the wax marking peneil and the template 
(Figure 35.8) to divide the dish into three seetions, and mark 
them I, II, and III. 

3. Prepare sample wells (again using the template in Figure 
35.8). Squeeze the medieine dropper bulb, and gently touch 
the tip to the surface of the agar. While releasing the bulb, 
push the tip down through the agar to the bottom of the dish. 
Lift the dropper vertieally; this should leave a straight-walled 
well in the agar. 

4. Repeat step 3 so that seetion I has two wells and seetions 
II and III have four wells eaeh. 

5. To observe diffusion through the gel, nearly fill one well 
in seetion I with red dye and the other well with green dye. 
Be careful not to overfill the wells. Observe periodieally for 
30 to 45 minutes as the dyes diffuse through the agar. Draw 
your results as instmeted in the Results seetion. 

6. To demonstrate positive and negative results, fill the wells 
in seetion II as instmeted Table 35.1 ’ . A preeipitin line 
should form only between wells 1 and 2. 

7. To test the unknown sample, fill the wells in seetion III as 
instmeted (Table 35.2). 

8. Replaee the eover on the petri dish, and incubate at 
room temperature for at least 16 hours. Make arrangements 
to observe the agar for preeipitin lines after 16 hours. The 
lines may begin to fade after 48 hours. Draw the results as 
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Figure 35.8 Template for well preparation for the 
Ouchterlony double-gel diffusion experiment. 


instmeted in the following seetion, parts 1-3, indieating the 
loeation of all preeipitin lines that form. 

Results 

1. For the demonstration of diffusion using dye, draw on the 
template (Figure 35.8) the appearanee of seetion I of your 
dish after 30 to 45 minutes. Use eolored peneils. 

2. Draw seetion II on the template (Figure 35.8) as it 
appears after incubation, 16 to 48 hours. Be sure the wells are 
numbered. 

3. Draw seetion III on the template as it appears after incu- 
bation, 16 to 48 hours. Be sure the wells are numbered. 

Unknown #_ 

4. What evidenee for diffusion did you observe in seetion I? 


Seetion III 

Well 

Solution 

1 

Unknown # 

2 

Goat anti-horse albumin 

3 

Goat anti-bovine albumin 

4 

Goat anti-swine albumin 


5. Is there any evidenee of a preeipitate in seetion I? 


6. Which of the sera functioned as an antigen in seetion II? 


7. Which antibody reaeted with the antigen in seetion II? 


How do you know? (Be speeifie about your observations.) 


8. If swine albumin had been plaeed in well 1, what would 
you expect to happen? Explain. 


9. If ehieken albumin had been plaeed in well 1, what would 
you expect to happen? Explain. 


10. What antigens were present in the unknown solution? 


Seetion II 

Well 

Solution 

1 

Horse semm albumin 

2 

Goat anti-horse albumin 

3 

Goat anti-bovine albumin 

4 

Goat anti-swine albmnin 


How do you know? (Be speeifie about your observations.) 




























Lymphatie System 
lmmune Response 


The Lymphatie System 

1. Mateh the terms below with the eorreet letters on the diagram. 

_1. axillary lymph nodes 

_2. bone marrow 

_3. eervieal lymph nodes 

_4. eisterna ehyli 

_5. inguinal lymph nodes 

_6. lymphatie vessels 

_7. Peyer’s patehes (in small intestine) 

_8. right lymphatie duct 

_9. spleen 

_10. thoraeie duct 

_11. thymus 

12. tonsils 











2. Explain why the lymphatie system is a one-way system, whereas the blood vascular system is a two-way system. 


3. How do lymphatie vessels resemble veins? 


How do lymphatie eapillaries differ from blood eapillaries? 
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4. What is the function of the lymphatie vessels? 


5. What is lymph?_ 

6. What faetors are involved in the flow of lymphatie fluid? 


7. What name is given to the terminal duct draining most of the body? 

8. What is the eisterna ehyli?_ 


How does the eomposition of lymph in the eisterna ehyli differ from lymph eomposition in the general lymphatie stream? 
Use your textbook or other referenee if neeessary. 


9. Which portion of the body is drained by the right lymphatie duct?_ 

10. Note three areas where lymph nodes are densely clustered:_, 

_, and_ 

11. What are the two major functions of the lymph nodes?_ 

and_ 

12. The radieal masteetomy is an operation in which a cancerous breast, surrounding tissues, and the underlying muscles of 
the anterior thoraeie wall, plus the axillary lymph nodes, are removed. After such an operation, the arm usually swells, or 
beeomes edematous, and is very uncomfortable—sometimes for months. Why? 


The lmmune Response 

13. What is the function of B eells in the immune response? 


14. What is the role of T eells? 
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15. Define the following terms related to the operation of the immune system. 
immunological memory: _ 


speeifieity: 


ability to differentiate selffrom nonself: 


autoimmune disease: 


Stiidying the Mieroseopie Anatomy 

of a Lymph Node, the Spleen, and a Tonsil 

16. In the spaee below, make a rough drawing of the structure of a lymph node. Identify the cortex area, germinal eenters, and 
medulla. For eaeh identified area, note the eell type (T eell, B eell, or maerophage) most likely to be found there. 


17. What structural eharaeteristie ensures a slow flow of lymph through a lymph node? 


Why is this desirable? 


18. What similarities in structure and function are found in the lymph nodes, spleen, and tonsils? 
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Antibodies and Tests for Their Presenee 

19. Distinguish between antigen and antibody_ 


20. Deseribe the structure of the immunoglobulin monomer, and label the diagram with the ehoiees given in the key. 





Heavy ehain 
variable region 

Heavy ehain 
eonstant region 

Light ehain 
variable region 

Light ehain 
eonstant region 

Disulfide bond 



Key: 

a. antigen-binding site 

b. heavy ehain 
e. hinge region 

d. light ehain 

e. stem region 


21. Are the genes eoding for one antibody entirely different from those eoding for a different antibody? 


Explain your answer. 


22. In the Ouchterlony test, what happened when the antibody to horse serum albumin mixed with horse serum albumin? 


23. If the unknown antigen eontained bovine and swine semrn albumin, what would you expect to happen in the Ouchterlony 


test, and why? 































ATERIALS 



□ Resin east of the respiratory tree 
(if available) 

□ Human torso model 

□ Thoraeie eavity structures model 
and/or ehart of the respiratory system 

□ Larynx model (if available) 

□ Preserved inflatable lung preparation 
(obtained from a biologieal supply 
house) or sheep pluck fresh from the 
slaughterhouse 

□ Source of eompressed air 

□ Disseeting tray 

□ Disposable gloves 

□ Disposable autoclave bag 

□ Prepared slides of the follovving (if 
available): traehea (eross seetion), lung 
tissue, both normal and pathologieal 
speeimens (for example, seetions taken 
from lung tissues exhibiting bronehitis, 
pneumonia, emphysema, or lung 
eaneer) 


□ Compound and stereomieroseopes 



For instmetions on animal 
disseetions, see the disseetion 
exercises (starting on page 697) in the eat 
and fetal pig, editions of this manual. 




MasteringA&P 8 For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÀL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



OBJECTIVES 

1. State the major functions of the respiratory system. 

2. Define the following terms: pulmonary ventilation, external respiration, 
and internal respiration. 

3. Identify the major respiratory system structures on models or 
appropriate images, and deseribe the function of eaeh. 

4. Deseribe the differenee between the conducting and respiratory zones 
and indieate which is referred to as anatomieal dead spaee. 




5. Name the serous membrane that eneloses eaeh lung and deseribe its structure. 

6. Demonstrate lung inflation in a fresh sheep pluck or preserved tissue speeimen. 

7. Reeognize the histologie structure of the traehea and lung tissue 
mieroseopieally or in an image, and deseribe the functions served by the 
observed structures. 


PRE-LAB Q U I Z 

1. The major role of the respiratory system is to 

a. dispose of waste products in a solid form 

b. permit the flow of nutrients through the body 

e. supply the body with earbon dioxide and dispose of oxygen 
d. supply the body with oxygen and dispose of earbon dioxide 

2. Circle True or False. Four proeesses—pulmonary ventilation, external 
respiration, transport of respiratory gases, and internal respiration—must 
all occur in order for the respiratory system to function fully. 

3. The upper respiratory structures include the nose, the larynx, and the 

a. epiglottis e. pharynx 

b. Iungs d. traehea 

4. Circle the eorreet underlined term. The thvroid eartilage / arvtenoid 
eartilage is the largest and most prominent of the laryngeal eartilages. 

5. Circle True or False. The epiglottis forms a lid over the larynx when we swallow 
food: it eloses off the respiratory passageway to ineoming food or drink. 

6. Air flows from the larynx to the traehea, and then enters the 

a. left and right lungs e. pharynx 

b. left and right main bronehi d. segmental bronehi 

7. Circle the eorreet underlined term. The lining of the traehea is 
pseudostratified eiliated columnar epithelium / transitional epithelium, 
which propels dust partieles, baeteria, and other debris away from the lungs. 

8. Circle True or False. All but the smallest branehes of the bronehial tree have 
cartilaginous reinforeements in their walls. 

9. _, tiny balloonlike structures, are eomposed of a single thin layer of 

squamous epithelium. They are the main structural and functional units of 
the lung and the actual sites of gas exchange. 

10. Circle the eorreet underlined term. Fissures divide the lungs into lobes, three 
on the right and tvvo/three on the left. 
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Exercise 36 


B ody eells require an abundant and continuous supply 

of oxygen. As the eells use oxygen, they release earbon 
dioxide, a waste product that the body must get rid of. 
These oxygen-using cellular proeesses, eolleetively referred 
to as cellular respiration, are more appropriately deseribed 
along with the topie of cellular metabolism. The major role 
of the respiratory system, our focus in this exercise, is to 
supply the body with oxygen and dispose of earbon dioxide. 
To fulfill this role, at least four distinet proeesses, eolleetively 
referred to as respiration, must occur: 

Pulmonary ventilation: The tidelike movement of air into 
and out of the lungs so that the gases in the alveoli are eon- 
tinuously ehanged and refreshed. Also more simply ealled 
ventilation, or breathing. 

External respiration: The gas exchange between the blood 
and the air-filled ehambers of the lungs (oxygen loading/ 
earbon dioxide unloading). 

Transport of respiratory gases: The transport of respira- 
tory gases between the lungs and tissue eells of the body 
aeeomplished by the cardiovascular system, using blood as 
the transport vehiele. 

Internal respiration: Exchange of gases between systemie 
blood and tissue eells (oxygen unloading and earbon dioxide 
loading). 

Only the first two proeesses are exclusive to the respiratory 
system, but all four must occur for the respiratory system to 
“do its job.” Henee, the respiratory and circulatory systems 
are irreversibly linked. If either system fails, eells begin to die 
from oxygen starvation and accumulation of earbon dioxide. 
Uncorrected, this situation soon causes death of the entire 
organism. 


Llpper Respiratory 
System Stmetiires 


The upper respiratory system structures—the nose, phar- 
ynx, and larynx—are deseribed below (and illustrated in 
Figure 36.1). As you read through the deseriptions, identify 
eaeh structure in the figure. 

Air generally passes into the respiratory traet through 
the nostrils or nares, and enters the nasal eavity, which is 
divided by the nasal septum. It then flows posteriorly over 
three pairs of lobelike structures, the inferior, superior, and 
middle nasal eonehae, which inerease the air turbulence. 
As the air passes through the nasal eavity, it is also warmed, 
moistened, and filtered by the nasal mucosa. The air that 
flows direetly beneath the superior part of the nasal eavity 
may ehemieally stimulate the olfaetory reeeptors loeated in 
the mucosa of that region. The nasal eavity is surrounded by 
the paranasal sinuses in the frontal, sphenoid, ethmoid, and 
maxillary bones. These sinuses, named for the bones in which 
they are loeated, aet as resonanee ehambers in speeeh. Their 
mucosae, like that of the nasal eavity, warm and moisten the 
ineoming air. 

The nasal passages are separated from the oral eavity 
below by a partition eomposed anteriorly of the hard palate 
and posteriorly by the soft palate. 

The genetie defeet ealled eleft palate results from 


failure of the palatine bones and/or the palatine 


proeesses of the maxillary bones to fuse medially. It causes 
difficulty in breathing and oral eavity functions such as suck- 
ing and, later, chewing and speeeh. + 

Of course, air may also enter the body via the mouth. 
From there it passes through the oral eavity to move into the 
pharynx posteriorly, where the oral and nasal eavities are 
joined temporarily. 

Oommonly ealled the throat, the funnel-shaped 
pharynx eonneets the nasal and oral eavities to the lar- 
ynx and esophagus inferiorly. It has three named parts 
(Figure 36.1): 


1 . The nasopharynx lies posterior to the nasal eavity and is 
continuous with it via the posterior nasal aperture. It lies 
above the soft palate; henee, it serves only as an air passage. 
High on its posterior wall is the pharyngeal tonsil, masses of 
lymphoid tissue that help to proteet the respiratory passages 
from invading pathogens. The pharyngotympanie (auditory) 
tubes, which allow middle ear pressure to beeome equalized 
to atmospherie pressure, drain into the lateral aspeets of 
the nasopharynx. The tubal tonsils surround the openings of 
these tubes into the nasopharynx. 

Because of the continuity of the middle ear and 


nasopharyngeal mucosae, nasal infeetions may 
invade the middle ear eavity and cause otitis media (middle 
ear inflammation), which is difficult to treat. + 


2. The oropharynx is continuous posteriorly with the oral 
eavity. Sinee it extends from the soft palate to the epiglottis of 
the larynx inferiorly, it serves as a eommon conduit for food 
and air. In its lateral walls are the palatine tonsils. The lingual 
tonsil eovers the base of the tongue. 

3. The laryngopharynx, like the oropharynx, aeeommo- 
dates both ingested food and air. It lies direetly posterior to 
the upright epiglottis and extends to the larynx, where the 
eommon pathway divides into the respiratory and digestive 
ehannels. From the laryngopharynx, air enters the lower re- 
spiratory passageways by passing through the larynx (voiee 
box) and into the traehea below. 


The larynx (Figure 36.2) eonsists of nine eartilages. 
The two most prominent are the large shield-shaped thyroid 
eartilage, whose anterior medial laryngeal prominenee is 
eommonly referred to as Adam’s apple, and the inferiorly 
loeated, ring-shaped erieoid eartilage, whose widest dimen- 
sion faees posteriorly. All the laryngeal eartilages are eom- 
posed of hyaline eartilage except the flaplike epiglottis, a 
flexible elastie eartilage loeated superior to the opening of the 
larynx. The epiglottis, sometimes referred to as the “guardian 
of the airways,” forms a lid over the larynx when we swal- 
low. This eloses off the respiratory passageways to ineoming 
food or drink, which is routed into the posterior esophagus, 
or food chute. 


□ Palpate your larynx by plaeing your hand on the anterior 
neek surface approximately halfway down its length. Swallow. 
Can you feel the cartilaginous larynx rising? 

Check the box when you have eompleted the task. 

If anything other than air enters the larynx, a cough reflex 
attempts to expel the substance. Note that this reflex operates 
only when a person is conscious. Therefore, you should never 
try to feed or pour liquids down the throat of an unconscious 
person. 
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Figure 36.1 Structures of the upper respiratory traet 
(midsagittal seetion). (a) Photograph. (b) Regions of the 
pharynx. (e) Diagram. 


The mucous membrane of the larynx is thrown into two 
pairs of folds—the upper vestibular folds, also ealled the 
false voeal eords, and the lower voeal folds, or true voeal 
eords, which vibrate with expelled air for speeeh. The voeal 


eords are attaehed posterolaterally to the small triangular 
arytenoid eartilages by the voeal ligaments. The voeal 
folds and the slitlike passageway between them is ealled 

the glottis. 
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Body of- 

hyoid bone 

Thyroid- 

eartilage 

Laryngeal- 

prominenee 
(Adam’s apple) 

Cricothyroid — 
ligament 

Cricotracheal - 
ligament 



— 





- 


Epiglottis 


Thyrohyoid 

membrane 


Cuneiform eartilage 


Corniculate eartilage 

Arytenoid eartilage 


Arytenoid muscles 


Cricoid eartilage 


Traeheal eartilages 



Body of hyoid bone 

Thyrohyoid membrane 

Fatty pad 

Vestibular fold 
(false voeal eord) 

Thyroid eartilage 

Voeal fold 
(true voeal eord) 

Cricothyroid ligament 
Cricotracheal ligament 


(a) Anterior siiperfieial view 


(b) Sagittal view; anterior surface to the right 


Figure 36.2 Structure of the larynx. 


Lower Respiratory 
System Structures 

Air entering the traehea, or windpipe, from the larynx trav- 
els down its length (about 11.0 em or 4 inehes) to the level 
of the sternal angle (or the dise between the fourth and fifth 
thoraeie vertebrae). There the passageway divides into the 
right and left main (primary) bronehi (Figure 36.3), which 


plunge into their respeetive lungs at an indented area ealled 
the hilum (see Figure 36.5c). The right main bronchus is 
wider, shorter, and more vertieal than the left, and foreign 
objeets that enter the respiratory passageways are more likely 
to beeome lodged in it. 

The traehea is lined with a eiliated, mucus-secreting, 
pseudostratified columnar epithelium, as are many of the 
other respiratory system passageways. The eilia propel mucus 
(produced by goblet eells) laden with dust partieles, baeteria, 


Traehea 



Middle lobe of right lung 
Inferior lobe of right lung 


Superior lobe 
of left lung 

Left main 
(primary) 
bronchus 


Lobar 

(seeondary) 

bronchus 

Segmental 

(tertiary) 

bronchus 



Inferior lobe 
of left lung 



Alveolar duct 


Respiratory 

bronehioles 


Alveoli 


bronehiole 


Alveolar sae 



Figure 36.3 Structures of the lovver respiratory traet. (a) Diagram. 
(b) Enlarged vievv of alveoli. 
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Red blood 


Alveoli (gas-filled Red blood eell 


air spaees) 


in eapillary 


Type II 
alveolar eell 


Type I 
alveolar eell 


Nucleus of type 
alveolar eell 


Alveolar pores 


Capillary 


Maerophage 
Endothelial eell nucleus 




Respiratory 

membrane 


Alveolar epithelium 


Fused basement membranes 
of the alveolar epithelium 
and the eapillary endothelium 


Capillary endothelium 


(a) 


(b) 


Figure 36.4 Diagram of the relationship between the alveoli and pulmonary 
eapillaries involved in gas exchange. (a) One alveolus surrounded by eapillaries. 
(b) Enlargement of the respiratory membrane. 


and other debris away from the lungs and toward the throat, 
where it ean be expectorated or swallowed. The walls of 
the traehea are reinforeed with C-shaped cartilaginous rings, 
the ineomplete portion loeated posteriorly (see Figure 36.6, 
page 543). These C-shaped eartilages serve a double function: 
The ineomplete parts allow the esophagus to expand anteri- 
orly when a large food bolus is swallowed. The solid portions 
reinforee the traehea walls to maintain its open passageway 
regardless of the pressure ehanges that occur during breathing. 

The main bronehi further divide into smaller and smaller 
branehes (the seeondary, tertiary, on down), finally beeom- 
ing the bronehioles, which have terminal branehes ealled 
respiratory bronehioles (Figure 36.3b). All but the most 
minute branehes have cartilaginous reinforeements in their 
walls, usually in the form of small plates of hyaline eartilage 
rather than cartilaginous rings. As the respiratory tubes get 
smaller and smaller, the relative amount of smooth muscle 
in their walls inereases as the amount of eartilage deelines 
and finally disappears. The eomplete layer of smooth muscle 
present in the bronehioles enables them to provide eonsider- 
able resistanee to air flow under eertain eonditions (asthma, 
hay fever, ete.). The continuous branehing of the respiratory 
passageways in the lungs is often referred to as the bronehial 
tree. The eomparison beeomes much more meaningful in a 
resin east of the respiratory passages. 

• Observe a resin east of respiratory passages if one is 
available. 

The respiratory bronehioles in turn subdivide into sev- 
eral alveolar ducts, which terminate in alveolar saes that 


rather resemble clusters of grapes. Alveoli, tiny balloonlike 
expansions along the alveolar saes and oeeasionally found 
protmding from alveolar ducts and respiratory bronehioles, 
are eomposed of a single thin layer of squamous epithelium 
overlying a wispy basal lamina. The external surfaces of the 
alveoli are densely spiderwebbed with a network of pulmo- 
nary eapillaries (Figure 36.4). Together, the alveolar and 
eapillary walls and their fused basement membranes form 
the respiratory membrane, also ealled the blood air barrier. 

Because gas exchanges occur by simple diffusion aeross 
the respiratory membrane—oxygen passing from the alveo- 
lar air to the eapillary blood and earbon dioxide leaving the 
eapillary blood to enter the alveolar air—the alveolar saes, 
alveolar ducts, and respiratory bronehioles are referred to 
eolleetively as respiratory zone structures. All other respi- 
ratory passageways (from the nasal eavity to the terminal 
bronehioles) simply serve as aeeess or exit routes to and from 
these gas exchange ehambers and are ealled conducting zone 
structures. Because the conducting zone structures have no 
exchange function, they are also referred to as anatomieal 
dead spaee. 



The Lungs and Their Pleural Coverings 

The paired lungs are soft, spongy organs that occupy the entire 
thoraeie eavity except for the mediastimim, which houses the 
heart, bronehi, esophagus, and other organs (Figure 36.5). 
Eaeh lung is eonneeted to the mediastinum by a root eontain- 
ing its vascular and bronehial attaehments. The structures 
of the root enter (or leave) the lung via a medial indentation 
ealled the hilum. All structures distal to the primary bronehi 
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Exercise 36 


Traehea 

Thymus 


Apex of lung 


Right superior lobe 


Horizontal fissure 
Right middle lobe 


Oblique fissure 


Right inferior lobe 
Heart 

(in mediastinum) 
Diaphragm 
Base of lung 

(a) 




intereostal muscle 


Rib 

Parietal pleura 
Pleural eavity 

Viseeral pleura 



Apex of lung 


superior lobe 


Oblique 

fissure 


Left inferior 



Oardiae noteh 


Figure 36.5 Anatomieal relationships of organs in the 
thoraeie eavity. (a) Anterior view of the thoraeie organs. 
The lungs flank the eentral mediastinum. The inset 
at upper right depiets the pleurae and the pleura 
eavity. (b) Photograph of medial aspeet of left lung. 

(e) Transverse seetion through the superior part of the 
thorax, showing the lungs and the main organs in the 
mediastinum. 


Hilum of 
lung 

Aortie 


impression 



Pulmonary 

artery 


Left main 
bronchus 


Pulmonary 


vein 


Cardiac 

impression 

Oblique 

fissure 


Lobules 


(b) 





Right lung 


Parietal pleura 


Viseeral pleura 


Pleural eavity 


Perieardial 
membranes 


Sternum 


Vertebra 


Posterior 


Esophagus 



Root of liing 
at hilum 

• Left main bronchus 

• Left pulmonary artery 

• Left pulmonary vein 


Left lung 

Thoraeie wall 

Pulmonary trunk 

Heart (in mediastinum) 
Anterior mediastinum 


Anterior 
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Posterior 


Mucosa 

• Pseudostratified — 
eiliated columnar 
epithelium 

• Lamina propria- 

(eonneetive tissue) 


Adventitia 


Submucosa 

Seromucous gland 
in submucosa 


— Hyaline eartilage 


Esophagus 


Traehealis 

muscle 


Anterior 






Figure 36.6 Tissue eomposition of the traeheal wall. (a) Cross-sectional view of the 
traehea. (b) Photomierograph of a portion of the traeheal wall (125x). 


are found within the lung substance. A lung’s apex, the 
narrower superior aspeet, lies just deep to the elaviele, and 
its base, the inferior eoneave surface, rests on the diaphragm. 
Anterior, lateral, and posterior lung surfaces are in elose eon- 
taet with the ribs and, henee, are eolleetively ealled the eostal 
surface. The medial surface of the left lung exhibits a eoneav- 
ity ealled the eardiae noteh, which aeeommodates the heart 
where it extends left from the body midline. Fissures divide 
the lungs into a number of lobes —two in the left lung and 
three in the right. Other than the respiratory passageways and 
air spaees that make up the bulk of their volume, the lungs are 
mostly elastie eonneetive tissue, which allows them to reeoil 
passively during expiration. 

Eaeh lung is enelosed in a double-layered sae of serous 
membrane ealled the pleura. The outer layer, the parietal 
pleura, is attaehed to the thoraeie walls and the diaphragm; 
the inner layer, eovering the lung tissue, is the viseeral 
pleura. The two pleural layers are separated by the pleural 
eavity, which is more of a potential spaee than an actual one. 
The pleural layers produce lubricating serous fluid that causes 
them to adhere elosely to one another, holding the lungs to the 
thoraeie wall and allowing them to move easily against one 
another during the movements of breathing. 


A C T I V I T Y 1 


Identifying Respiratory System Organs 

Before proeeeding, be sure to loeate on the torso model, tho- 
raeie eavity structures model, larynx model, or an anatomieal 
ehart all the respiratory structures deseribed—both upper and 
lower respiratory system organs. H 

For instmetions on animal disseetions, see the dissee- 
tion exercises (starting on page 697) in the eat and fetal 
pig editions of this manual. 


AOTIVITY 2 


Demonstrating Lung Inflation 
in a Sheep Pluck 

A sheep pluck includes the larynx, traehea with attaehed 
lungs, the heart and pericardium, and portions of the major 
blood vessels found in the mediastinum (aorta, pulmonary 
artery and vein, venae eavae). If a sheep pluck is not available, 
a good substitute is a preserved inflatable pig lung. 

| Don disposable gloves, obtain a disseeting tray and a 
* fresh sheep pluck (or a preserved pluck of another 
animal), and identify the lower respiratory system organs. 
Onee you have eompleted your observations, insert a hose 
from an air eompressor (vacuum pump) into the traehea and 
alternately allow air to flow in and out of the lungs. Notiee 
how the lungs inflate. This observation is educational in a 
preserved pluck but it is a spectacular sight in a fresh one. 
Another advantage of using a fresh pluck is that the lung 
pluck ehanges eolor (beeomes redder) as hemoglobin in 
trapped RBCs beeomes loaded with oxygen. 

▲ Dispose of the gloves in the autoclave bag immedi- 

ately after use. 


A C T I V I T Y 3 


Examining Prepared Slides 
of Traehea and Lung Tissue 

1. Obtain a compound mieroseope and a slide of a eross see- 
tion of the traeheal wall. Identify the smooth muscle layer, the 
hyaline eartilage supporting rings, and the pseudostratified 
eiliated epithelium (use Figure 36.6 as a guide). Also try to 
identify a few goblet eells in the epithelium (see Figure 6.3c 
and d on page 71). 
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Pseudostratified 

epithelium 




Lamina 

propria 




Z yÁ 

\/: v } fr 


; 




Respiratory 

bronehiole 


Alveolar 


Alveoli 


Alveolar 


Alveolar 

pores 



(b) 


Figure 36.7 Mieroseopie structure of a bronehiole and alveoli. (a) Photomierograph 
of a seetion of a bronehiole (180x). (b) Photomierograph shovving the final divisions 
of the bronehial tree (50x) and diagram of alveoli. 


2. Obtain a slide of lung tissue for examination. The alveo- 
lus is the main structural and functional unit of the lung 
and is the actual site of gas exchange. Identify a bronehiole 
(Figure 36.7a) and the thin squamous epithelium of the 
alveolar walls (Figure 36.7b). 


3. Examine slides of pathologieal lung tissues, and eompare 
them to the normal lung speeimens. Reeord your observations 
in the review sheet at the end of this exercise. H 





















Name 


Lab Time/Date 


Anatomy of the 
Respiratory System 

Llpper and Lovver Respiratory System Structures 

1. Complete the labeling of the diagram of the upper respiratory structures (sagittal seetion). 


Frontal sinus 


Cribriform plate 
of ethmoid bone 


Hard palate 


Tongue 


Hyoid bone 


Thyroid gland 



Sphenoidal sinus 


Opening of 

pharyngotympanie 

tube 

Nasopharynx 


Thyroid eartilage 
of larynx 
Orieoid eartilage 


2. Two pairs of voeal folds are found in the larynx. Which pair are the tme voeal eords (superior or inferior)? 


3. Name the speeifie eartilages in the larynx that eorrespond to the following deseriptions. 

forms the Adam’s apple:_ shaped like a signet ring:_ 

a “lid” for the larynx:_ voeal eord attaehment:_ 
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Revievv Sheet 36 


4. Why is it important that the human traehea is reinforeed with cartilaginous rings? 


Why is it important that the rings are ineomplete posteriorly? 


5. What is the function of the pleural membranes? 


6. Name two functions of the nasal eavity mucosa_ 

and_ 

7. The following questions refer to the main (primary) bronehi. 

Which is longer?_Larger in diameter?_More horizontal? 

Which more eommonly traps a foreign objeet that has entered the respiratory passageways?_ 

8. Appropriately label all structures provided with leader lines on the diagrams below. 
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9. Traee a molecule of oxygen from the nostrils to the pulmonary eapillaries of the lungs: Nostrils 



10. Mateh the terms in column B to the deseriptions in column A 


Column A 


Column B 


eonneets the larynx to the main bronehi 

a. 

alveolus 


b. 

bronehiole 

site of tonsils 


e. 

eonehae 

food passageway posterior to the traehea 

d. 

epiglottis 

eovers the glottis during swallowing of food 

e. 

esophagus 


f. 

glottis 

eontams the voeal eords 


g- 

larynx 

nerve that aetivates the diaphragm during inspiration 

h. 

palate 

pleural layer lining the walls of the thorax 

• 

ì. 

pharyngotympanie tube 


• 

J- 

parietal pleura 

site from which oxygen enters the pulmonary blood 


k. 

pharynx 

eonneets the middle ear to the nasopharynx 

1 . 

phrenie nerve 

eontains opening between the voeal folds 

m. 

primary (main) bronehi 


n. 

traehea 

inerease air turbulence in the nasal eavity 


0 . 

vagus nerve 

separates the oral eavity from the nasal eavity 

P- 

viseeral pleura 


11. What portions of the respiratory system are referred to as anatomieal dead spaee? 


Why?_ 

12. Define the following terms. 
external respiration: _ 


internal respiration: 


cellular respiration: 
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Demonstrating Liing Inflation in a Sheep Pluck 

13. Does the lung inflate part by part or as a whole, like a balloon?_ 

14. What happened when the pressure was released?_ 

15. What type of tissue ensures this phenomenon?_ 

Examining Prepared Slides of Traehea and Lung Tissue 

16. What structural eharaeteristies of the alveoli make them an ideal site for the diffusion of gases? 


Why does oxygen move from the alveoli into the pulmonary eapillary blood? 


17. If you observed pathologieal lung seetions, reeord your observations. Also reeord how the tissue differed from normal lung 
tissue. Complete the table below using your answers. 


Slide type 

Observations 

Comparison to normal lung tissue 
















MATERIALS 


Respiratory System 
Physiology 


□ Model lung (bell jar demonstrator) 

□ Tape measure with eentimeter divisions 
(eloth or plastie) 

□ Stethoseope 

□ Aleohol swabs 

□ Spirometer or BIOPAC® equipment: 

Spirometer, disposable eardboard 
mouthpieces, nose elips, table (on board) 
for reeording elass data, disposable 
autoclave bag, battery jar eontaining 70% 
ethanol solution 

I BIDPAG" B $L System for 

Windows with BSL software 
version 3.7.5 to 3.7.7, or BSL System for 
Mae OS X with BSL software version 3.7.4 
to 3.7.7, MP36/35 or MP45 data acquisition 
unit, PC or Mae computer, BIOPAC® airflow 
transducer, BIOPAC® ealibration syringe, 
disposable mouthpiece, nose elip, and 
baeteriologieal filter 

lnstructors using the MP36 (or MP35/30) 
data acquisition unit with BSL software 
versions earlier than 3.7.5 (for Windows) 
and 3.7.4 (for Mae Os X) will need slightly 
different ehannel settings and eolleetion 
strategies. instmetions for using the older 
data acquisition unit ean be found on 
MasteringA&P. 

□ Paper bag 

□ 0.05 M NaOH 

□ Phenol red in a dropper bottle 

(Text continues on next page.) 


M' 




MasteringA&P 8 For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 







OBJEGTBVES 


1 


2 


3 

4 


5 


6 


Define the following and provide volume figures if applieable: 


inspiration 
expiration 
tidal volume (TV) 
vital eapaeity (VC) 


inspiratory reserve volume (IRV) 
minute respiratory volume (MRV) 
foreed vital eapaeity (FVC) 
foreed expiratory volume (FEV T ) 


expiratory reserve volume (ERV) 

Explain the role of muscles and volume ehanges in the meehanieal proeess 
of breathing. 

Deseribe bronehial and vesicular breathing sounds. 

Demonstrate proper usage of a spirometer or an airflow transducer and 
assoeiated BIOPAC® equipment. 

Discuss the relative importanee of various meehanieal and ehemieal faetors 
in producing respiratory variations. 

Explain the importanee of the earbonie aeid-biearbonate buffer system in 
maintaining blood pH. 



x 



PRE-LAB Q U I Z 

1. Circle the eorreet underlined term. Inspiration / Expiration is the phase of 
pulmonary ventilation when air passes out of the lungs. 

2. Which of the following proeesses does not occur during inspiration? 

a. diaphragm moves to a flattened position 

b. gas pressure inside the lungs is lowered 
e. inspiratory rrmseles relax 

d. size of thoraeie eavity inereases 

3. Circle True or False. Vesicular breathing sounds are produced by air mshing 
through the traehea and bronehi. 

4. During normal quiet breathing, about_ml of air moves into 

and out of the lungs with eaeh breath. 

a. 250 e. 1000 

b. 500 d. 2000 

5. Circle the eorreet underlined term. Tidal volume / Vital eapaeity is the 
maximum amount of air that ean be exhaled after a maximal inspiration. 

6. Circle True or False. The neural eenters that eontrol respiratory rhythm and 
maintain a rate of 12-18 respirations per minute are loeated in the medulla 
and thalarrms. 

7. Circle the eorreet underlined term. ehanges in pH and oxygen 
eoneentrations in the blood are monitored by ehemoreeeptor regions 
in the medulla / aortie and earotid bodies . 

8. The earbonie aeid-biearbonate buffer system stabilizes arterial blood pH at: 

a. 2.0 ± 1.00 e. 7.4 ±0.02 

b. 6.2 ±0.07 d. 9.5 ±1.15 


(Text continues on next page.) 
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Exercise 37 


(Materials list continued.) 

□ 100-ml beakers 

□ Distilled water 

□ Straws 

□ Concentrated HCI and NaOH in 
dropper bottles 

□ 250- and 50-ml beakers 

□ Plastie wash bottles eontaining distilled 
water 

□ pH meter (standardized with buffer of 
pH 7) 

□ Buffer solution (pH 7) 

□ Graduated eylinder (100 ml) 

□ Glass stirring rod 

□ Animal plasma 

□ 0.01 M HCI in dropper bottles 


PEx 


PhysioEx™9.1 Computer Simulation 
Ex. 7 on p. PEx-105 


Note: instmetions for using PowerLab® 
equipment ean be found on MasteringA&P. 


9. Circle the eorreet underlined term. Aeids / Bases released into the blood by the 
body eells tend to lower the pH of the blood and cause it to beeome aeidie. 

10. Circle True or False. Rate and depth of breathing, hyperventilation, and 
hypoventilation should have little or no effeet on the aeid-base balanee of 
blood. 



he body’s trillions of eells require 0 2 and give off C0 2 as a waste the body 
must get rid of. The respiratory system provides the link with the external 
environment for both taking in 0 2 and eliminating C0 2 , but it doesn’t work 
alone. The cardiovascular system via its eontained blood provides the watery me- 
dium for transporting 0 2 and C0 2 in the body. Let’s look into how the respiratory 
system earries out its role. 


Meehanies of Respiration 

Pulmonary ventilation, or breathing, eonsists of two phases: inspiration, dur- 
ing which air is taken into the lungs, and expiration, during which air passes out 
of the lungs. As the inspiratory muscles (external intereostals and diaphragm) 
eontraet during inspiration, the size of the thoraeie eavity inereases. The dia- 
phragm moves from its relaxed dome shape to a flattened position, inereasing 
the superoinferior volume. The external intereostals lift the rib eage, inereasing 
the anteroposterior and lateral dimensions (Figure 37.1). Because the lungs 
adhere to the thoraeie walls like flypaper owing to the presenee of serous fluid 
in the pleural eavity, the intrapulmonary volume (volume within the lungs) also 
inereases, lowering the air (gas) pressure inside the lungs. The gases then expand 
to fill the available spaee, ereating a partial vacuum that causes air to flow into 
the lungs—constituting the aet of inspiration. During expiration, the inspira- 
tory muscles relax, and the natural tendeney of the elastie lung tissue to reeoil 
deereases the intrathoraeie and intrapulmonary vokimes. As the gas molecules 
within the lungs are foreed eloser together, the intrapulmonary pressure rises to 
a point higher than atmospherie pressure. This causes gases to flow out of the 
lungs to equalize the pressure inside and outside the lungs—the aet of expiration. 


A C T I V I T Y 1 


Operating the Model Lung 

Observe the model lung, which demonstrates the prineiples involved in gas flows 
into and out of the lungs. It is a simple apparatus with a bottle “thorax,” a rnbber 
membrane “diaphragm,” and balloon “lungs.” 

1. Go to the demonstration area and work the model lung by moving the rnbber 
diaphragm up and down. The balloons will not fully inflate or deflate, but notiee 
the relative ehanges in balloon (lung) size as the volume of the thoraeie eavity is 
alternately inereased and deereased. 

2. Check the appropriate columns in the ehart eoneerning these observations in 
the review sheet at the end of this exercise. 

3. A pneumothorax is a eondition in which air has entered the pleural eavity, 
as with a puncture wound. Simulate a pneumothorax: Inflate the balloon lungs 
by pulling down on the diaphragm. Ask your lab partner to let air into the bottle 
“thorax” by loosening the rnbber stopper. 

What happens to the balloon lungs? 



4. After observing the operation of the model lung, conduct the following 
tests on your lab partner. Use the tape measure to determine his or her ehest 
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Inspiration 



Diaphragm 


Expiration 



Figure 37.1 Rib eage and diaphragm 
positions during breathing. (a) At the 
end of a normal inspiration; ehest 
expanded 7 diaphragm depressed. 

(b) At the end of a normal expiration; 
ehest depressed, diaphragm elevated. 



Traehea 



Diaphragm 




circumference by plaeing the tape around the ehest as high 
up under the armpits as possible. Reeord the measurements 
in eentimeters in the appropriate spaee below for eaeh of the 
eonditions. 

Quiet breathing: 

Inspiration_em Expiration_em 

Foreed breathing: 

Inspiration_em Expiration_em 

Do the results eoineide with what you expected on the basis 

of what you have learned thus far?_ 

How does the structural relationship between the balloon- 
lungs and bottle-thorax differ from that seen in the human 
lungs and thorax? 


Respiratory Soiinds 

As air flows in and out of the bronehial tree, it produces two 
eharaeteristie sounds that ean be pieked up with a stetho- 
seope (auscultated). The bronehial sounds are produced by 
air mshing through the large respiratory passageways (the 
traehea and the bronehi). The seeond sound type, vesicular 
breathing sounds, apparently results from air filling the 
alveolar saes and resembles the sound of a mstling or muffled 
breeze. 


AOTIVITY 2 


Auscultating Respiratory Sounds 

1. Obtain a stethoseope and elean the earpieees with an 
aleohol swab. Allow the aleohol to dry before donning the 
stethoseope. 

2. Plaee the diaphragm of the stethoseope on the throat of 
the test subject just below the larynx. Listen for bronehial 
sounds on inspiration and expiration. Move the stethoseope 
down toward the bronehi until you ean no longer hear sounds. 

3. Plaee the stethoseope over the following ehest areas and 
listen for vesicular sounds during respiration (heard primarily 
during inspiration). 
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6000 

5000 

4000 

3000 

2000 

1000 

0 



Figure 37.2 Spirographie reeord for a healthy young adult male. Comparable values 
for a healthy young adult female are TV = 500 ml 7 IRV = 1900 ml 7 ERV = 700 ml 7 
residual volume (RV) = 1100 ml. 


• At various intereostal spaees 

• At the triangle of auscultation (a small depressed area of 
the baek where the muscles fail to eover the rib eage; loeated 
just medial to the inferior part of the scapula) 

• Under the elaviele 



Diseased respiratory tissue, mucus, or pus ean pro- 
duce abnormal ehest sounds such as rales (a rasping 
sound) and wheezing (a whistling sound). + 


Respiratory Volumes and 
Capacities—Spirometry 

A person’s size, sex, age, and physieal eondition produce vari- 
ations in respiratory vohimes. Normal quiet breathing moves 
about 500 ml of air in and out of the lungs with eaeh breath. 
As you have seen in the first aetivity, a person ean usually 
foreibly inhale or exhale much more air than is exchanged in 
normal quiet breathing. The terms used for the measurable 
respiratory volumes are defined next. You should memorize 
these terms and their normal values for an adult male. 

Tidal volrnne (TV): Amount of air inhaled or exhaled with 
eaeh breath under resting eonditions (500 ml) 

Inspiratory reserve volume (IRV): Amount of air that ean 
be forcefully inhaled after a normal tidal volume inhalation 

(3100 ml) 

Expiratory reserve volume (ERV): Amount of air that ean 
be forcefully exhaled after a normal tidal volume exhalation 
(1200 ml) 

Vital eapaeity (VC): Maximum amount of air that ean be 
exhaled after a maximal inspiration (4800 ml) 

VC = TV + IRV + ERV 

(An idealized traeing of the various respiratory volumes and 
their relationships to eaeh other is shown in Figure 37.2.) 


Respiratory vohimes ean be measured, as in Aetivities 3 
and 4, with an apparatus ealled a spirometer. There are two 
major types of spirometers, which give eomparable results— 
the handheld dry, or wheel, spirometers (such as the Wright 
spirometer illustrated in Figure 37.3) and “wet” spirom- 
eters, such as the Phipps and Bird spirometer and the Collins 
spirometer (which is available in both reeording and non- 
reeording varieties). The somewhat more sophistieated wet 
spirometer eonsists of a plastie or metal bell within a reetan- 
gular or eylindrieal tank that air ean be added to or removed 
from (Figure 37.4). The outer tank eontains water and has a 
tube mnning through it to earry air above the water level. The 
floating bottomless bell is inverted over the water-containing 
tank and eonneeted to a volume indieator. 



Volume 

indieator 


■■ 


Stem 





Figure 37.3 The Wright handheld dry spirometer. Reset 
to zero prior to eaeh test. 
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Volume indieator 
seale 


Floating 

bell 




Drum 

retainer 


VVater 

tank 


Valve 

assembly 


Drum retainer 


Mouthpiece 
Floating bell 

Flexible arm 


VVater tank 


Thermometer — 
Oxygen inlet — 

(b) 



Reset knob 


Free-breathing valve 


Kymograph drum 
with ehart paper 


Ventilometer pen 


Power switch 


Speed switch 
(fast, medium, slow) 


Figure 37.4 Wet spirometers. (a) The Phipps and Bird vvet spirometer. 
(b) The Collins-9L vvet reeording spirometer. 
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Exercise 37 


In nonreeording spirometers, an indieator moves as 
air is exhaled, and only expired air volumes ean be mea- 
sured direetly. By eontrast, reeording spirometers allow both 
inspired and expired gas volumes to be measured. 

Alternatively, BIOPAC® may be used with an airflow 
transducer to measure respiratory volumes. Those instrae- 
tions appear in Aetivity 5. 


A C T I V I T Y 3 


Measuring Respiratory Volumes 
Using Spirometers 

The steps for using a nonreeording spirometer and a wet 
reeording spirometer are given separately below. 

ilsing a Nonreeording Spirometer 

1. Before using the spirometer, count and reeord the sub- 
jeet’s normal respiratory rate. The subject should faee away 
from you as you make the count. 

Respirations per minute:_ 

Now identify the parts of the spirometer you will be using 
by eomparing it to the illustration of a similar spirometer (in 
Figure 37.3 or 37.4a). Examine the spirometer volume indiea- 
tor before beginning to make sure you know how to read the 
seale. Work in pairs, with one person aeting as the subject 
while the other reeords the data of the volume determinations. 
Reset the indieator to z.ero before beginning eaeh trial. 

Obtain a disposable eardboard mouthpiece. Prior to 
inserting the eardboard mouthpiece, elean the valve assem- 
bly with an aleohol swab. Then insert the mouthpiece in the 
open end of the valve assembly (attaehed to the flexible tube) 
of the wet spirometer or over the fixed stem of the handheld 
dry spirometer. Before beginning, the subject should praetiee 
exhaling through the mouthpiece without exhaling through 
the nose, or prepare to use the nose elips. If you are using the 
handheld spirometer, make sure its dial faees upward so that 
the vokimes ean be easily read during the tests. 

2. The subject should stand ereet during testing. Conduct the 
test three times for eaeh required measurement. Reeord the 
data where indieated in this seetion, and then find the average 
volume figure for that respiratory measurement. After you 
have eompleted the trials and computed the averages, enter 
the average values on the table prepared on the board for 
tabulation of elass data,* and eopy all averaged data onto the 
review sheet at the end of the exercise. 

3. Measuring tidal volume (TV). The TV, or volume of air 
inhaled and exhaled with eaeh normal respiration, is approxi- 
mately 500 ml. To conduct the test, inhale a normal breath, 
and then exhale a normal breath of air into the spirometer 
mouthpiece. (Do not foree the expiration!) Reeord the volume 
and repeat the test twice. 

*Note to the Instructor: The format of elass data tabulation ean be 
similar to that shown here. However, it would be interesting to divide 
the elass into smokers and nonsmokers and then eompare the mean 
average VC and ERV for eaeh group. Such a eomparison might help 
to determine if smokers are handieapped in any way. It also might be a 
good opportunity for an informal discussion of the early waming signs 
of bronehitis and emphysema, which are primarily smokers’ diseases. 



trial 1: 

ml 

trial 2: 

ml 

trial 3: 

ml 

averase TV: 

ml 


4. Compute the subject’s minute respiratory volume 
(MRV) using the following formula: 

MRV = TV X respirations/min =_ml/min 

5. Measuring expiratory reserve volume (ERV). The ERV 
is the volume of air that ean be foreibly exhaled after a 
normal expiration. Normally it ranges between 700 and 
1200 ml. 

Inhale and exhale normally two or three times, then insert 
the spirometer mouthpiece and exhale foreibly as much of the 
additional air as you ean. Reeord your results, and repeat the 
test twice again. 

trial 1:_ml trial 2:_ml 

trial 3:_ml average ERV:_ml 


ERV is dramatieally reduced in eonditions in which 
the elastieity of the lungs is deereased by a ehronie 
obstraetive pulmonary disease (COPD) such as emphysema. 
Sinee energy must be used to deflate the lungs in such eondi- 
tions, expiration is physieally exhausting to individuals suf- 
fering from COPD. + 


6. Measuring vital eapaeity (VC). The VC, or total exchange- 
able air of the lungs (the sum of TV + IRV + ERV), normally 
ranges from 3100 ml to 4800 ml. 

Breathe in and out normally two or three times, and then 
bend forward and exhale all the air possible. Then, as you 
raise yourself to the upright position, inhale as fully as pos- 
sible. It is important to strain to inhale the maximum amount 
of air that you ean. Quickly insert the mouthpiece, and exhale 
as foreibly as you ean. Reeord your results and repeat the test 
twice again. 


trial 1: 

ml 

trial 2: 

ml 

trial 3: 

ml 

averase VC: 

ml 


7. The inspiratory reserve volume (IRV), or volume of air 
that ean be foreibly inhaled following a normal inspiration, 
ean now be computed using the average values obtained for 
TV, ERV, and VC and plugging them into the equation: 


IRV = VC - (TV + ERV) 

Reeord your average IRV:_ml 

The normal IRV is substantial, ranging from 1900 to 3100 ml. 
How does your computed value eompare? 


Steps 8-10, which provide eommon direetions for use of 
both nonreeording and reeording spirometers, continue (on 
pages 556-557) after the wet reeording spirometer direetions. 
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Using a Reeording Spirometer 

1. In preparation for reeording, familiarize yourself with 
the spirometer by eomparing it to the illustrated equipment 
(Figure 37.4b). 

2. Examine the ehart paper, noting that its horizontal lines 
represent milliliter units. To apply the ehart paper to the 
reeording drum, first lift the drum retainer and then remove 
the kymograph drum. Wrap a sheet of ehart paper around 
the drum, making sure that the right edge overlaps the left. 
Fasten it with tape, and then replaee the kymograph drum and 
lower the drum retainer into its original position in the hole in 
the top of the drum. 

3. Raise and lower the floating bell several times, noting as 
you do so that the ventilometer pen moves up and down on 
the drum. This pen, which writes in blaek ink, will be used 
for reeording and should be adjusted so that it reeords in the 
approximate middle of the ehart paper. This adjustment is 
made by repositioning the floating bell using the reset knoh 
on the metal pulley at the top of the spirometer apparatus. The 
other pen, the respirometer pen, which reeords in red ink, will 
not be used for these tests and should be moved away from the 
dmm’s reeording surface. 

4. Reeording your normal respiratory rate. Clean the nose 
elips with an aleohol swab. While you wait for the aleohol to 
air dry, count and reeord your normal respiratory rate. 

Respirations per minute:_ 

5. Reeording tidal volume. After the aleohol has air dried, 
apply the nose elips to your nose. This will enforee mouth 
breathing. 

Open the free-hreathing valve. Insert a disposable eard- 
board mouthpiece into the end (valve assembly) of the breath- 
ing tube, and then insert the mouthpiece into your mouth. 
Praetiee breathing for several breaths to get used to the 
apparatus. At this time, you are still breathing room air. 

Set the spirometer switch to SLOW (32 mm/min). Close 
the free-breathing valve, and breathe in a normal manner 
for 2 minutes to reeord your tidal volume—the amount of 
air inspired or expired with eaeh normal respiratory eyele. 
This reeording should show a regular pattern of inspiration- 
expiration spikes and should gradually move upward on the 
ehart paper. (A downward slope indieates that there is an air 
leak somewhere in the sy stem—most likely at the mouthpiece.) 
Notiee that on an apparatus using a counterweighted pen 
(such as the Collins-9L Ventilometer shown in Figure 37.4b), 
inspirations are reeorded by upstrokes and expirations are 
reeorded by downstrokes.* 

6. Reeording vital eapaeity. To reeord your vital eapae- 
ity, take the deepest possible inspiration you ean and then 
exhale to the greatest extent possible—really push the air 
out. (The reeording obtained should resemble that shown in 
Figure 37.5). Repeat the vital eapaeity measurement twice 
again. Then turn off the spirometer and remove the ehart 
paper from the kymograph drum. 

7. Determine and reeord your measured, averaged, and 
eorreeted respiratory volumes. Because the pressure and 

*If a Collins survey spirometer is used, the situation is exactly 
opposite: Upstrokes are expirations and downstrokes are inspirations. 


temperature inside the spirometer are influenced by room 
temperature and differ from those in the body, all measured 
values are to be multiplied by a BTPS (body temperature, 
atmospherie pressure, and water saturation) faetor. At room 
temperature, the BTPS faetor is typieally 1.1 or very elose to 
that value. Henee, you will multiply your average measured 
values by 1.1 to obtain your eorreeted respiratory volume 
values. Copy the averaged and eorreeted values onto the 
review sheet at the end of this exercise. 

• Tidal volume (TV). Seleet a typieal resting tidal breath 
reeording. Subtract the millimeter value of the trough 
(exhalation) from the millimeter value of the peak (in- 
spiration). Reeord this value below as measured TV 1. 
Seleet two other TV traeings to determine the TV values 
for the TV 2 and TV 3 measurements. Then, determine 
your average TV and multiply it by 1.1 to obtain the 
BTPS-eorreeted average TV value. 

measiired TV 1:_ml average TV:_ml 

measured TV 2:_ml eorreeted average TV: 

measiired TV 3:_ml _ml 

Also compute your minute respiratory volume (MRV) 
using the following formula: 

MRV = TV X respirations/min =_ml/min 

• Inspiratory eapaeity (IC). In the first vital eapaeity 
reeording, find the expiratory trough immediately pre- 
eeding the maximal inspiratory peak aehieved during 
vital eapaeity determination. Subtract the milliliter 
value of that expiration from the value eorresponding 
to the peak of the maximal inspiration that immediately 
follows. For example, aeeording to our typieal reeord- 
ing (Figiire 37.5), these values would be 

6600 - 3650 = 2950 ml 

Reeord your computed value and the results of the two 
subsequent tests on the appropriate lines below. Then 
calculate the measured and eorreeted inspiratory eapae- 
ity averages and reeord. 


measured IC 1: 

ml 

averase IC: 

ml 

measured IC 2: 

ml 

eorreeted 




average IC: 

ml 

measured IC 3: 

ml 




• Inspiratory reserve volume (IRV). Subtract the eorreeted 
average tidal volume from the eorreeted average for the 
inspiratory eapaeity and reeord below. 

IRV = eorreeted average IC — eorreeted average TV 
eorreeted average IRV_ml 

• Expiratory reserve volume (ERV). Subtract the number 
of milliliters eorresponding to the trough of the maximal 
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Direetion of reeording 


Figure 37.5 A typieal spirometry reeording of tidal volume, inspiratory eapaeity, 
expiratory reserve volume, and vital eapaeity. At a drum speed of 32 mm/min, 
eaeh vertieal column of the ehart represents a time interval of 1 minute. (Note that 
dovvnstrokes represent exhalations and upstrokes represent inhalations.) 


expiration obtained during the vital eapaeity reeording 
from milliliters eorresponding to the last normal expira- 
tion before the VC maneuver is performed. For example, 
aeeording to our typieal reeording (Figure 37.5), these 
values would be 


3650 ml - 

- 2050 ml 

= 1600 ml 

Reeord your measured and averaged values (three trials) 
below. 

measuredERV 1: 

ml 

averaee ERV: ml 

measured ERV 2: 

ml 

eorreeted average ERV: 

measured ERV 3: 

ml 

ml 


• Vital eapaeity (VC). Add your eorreeted values for ERV 
and IC to obtain the eorreeted average VC. Reeord below 
and on the review sheet at the end of this exercise. 

eorreeted average VC:_ml 

Now continue with step 8 (below) whether you are following 
the procedure for the nonreeording or reeording spirometer. 

8. Figure out how elosely your measured average vital eapae- 
ity volume eompares with the predieted values for someone 
your age, sex, and height. Obtain the predieted figure either 
from the equation on the next page or the appropriate table (see 
your instmetor for the printed table). Notiee that you will have 
to eonvert your height in inehes to eentimeters (em) to find the 
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eorresponding value. This is easily done by multiplying your 
height in inehes by 2.54. 

Computed height:_em 

Male VC = (0.052) H - (0.022) A - 3.60 
Female VC = (0.041) H - (0.018) A - 2.69 

Note: (VC) = vital eapaeity in liters, ( H) = height in eenti- 
meters, and (A) = age in years. 

Predieted VC value (obtained from the equation or appropri- 
ate table): 

_ml 

Use the following equation to compute your VC as a pereent- 
age of the predieted VC value: 

average V C 

% of predieted VC = - 

predieted value X 100 

% predieted VC vahie:_% 

Carefully examine the idealized traeing (Figure 37.2 on page 
552) of the respiratory volumes deseribed and tested in this 
exercise. How elosely do your test results eompare to the 
values in the traeing? 


9. Computing residual volume. A respiratory volume that 
eannot be experimentally demonstrated here is the residual 
volume (RV). RV is the amount of air remaining in the lungs 
after a maximal expiratory effort. The presenee of residual 
air (usually about 1200 ml) that eannot be voluntarily flushed 
from the lungs is important because it allows gas exchange to 
go on continuously—even between breaths. 

Although the residual volume eannot be measured direetly, 
it ean be approximated by using one of the following faetors: 

For ages 16-34 Faetor = 0.250 
For ages 35-49 Faetor = 0.305 
For ages 50-69 Faetor = 0.445 

Compute your predieted RV using the following equation: 

RV = VC X faetor 

10. Reeording is finished for this subject. Before eon- 
tinuing with the next member of your group: 

• Dispose of used eardboard mouthpieces in the autoclave 
bag. 

• Swish the valve assembly (if removable) in the 70% etha- 
nol solution, then rinse with tap water. 

• Put a fresh mouthpiece into the valve assembly (or on 
the stem of the handheld spirometer). Using the proee- 
dures outlined above, measure and reeord the respiratory 
volumes for all members of your group. H 


Foreed Expiratory Volume 
(FEV T ) Measurement 

Though not really diagnostie, pulmonary function tests 
ean help the elinieian distinguish between obstmetive and 
restrietive pulmonary diseases. (In obstraetive disorders, like 
ehronie bronehitis and asthma, airway resistanee is inereased, 
whereas in restrietive diseases, such as polio and tuberculosis, 
total lung eapaeity deelines.) Two highly useful pulmonary 
function tests used for this purpose are the FVC and the FEV X 
(Figure 37.6). 

The FVC (foreed vital eapaeity) measures the amount 
of gas expelled when the subject takes the deepest possible 
breath and then exhales forcefully and rapidly. This volume 
is reduced in those with restrietive pulmonary disease. The 
FEV T (foreed expiratory volume) involves the same basie 
testing procedure, but it speeifieally looks at the pereentage of 
the vital eapaeity that is exhaled during speeifie time intervals 
of the FVC test. FEV 1? for instanee, is the amount exhaled 
during the first seeond. Healthy individuals ean expire 75% 
to 85% of their FVC in the first seeond. The FEV^ is low in 
those with obstraetive disease. 


AOTIVITY 4 


Measiiring the FVC and FEV 

Direetions provided here for the FEV X determination apply 
only to the reeording spirometer. 

1. Prepare to make your reeording as deseribed for the 
reeording spirometer, steps 1-5 on page 555. 

2. At a signal agreed upon by you and your lab partner, take 
the deepest inspiration possible and hold it for 1 to 2 seeonds. 
As the inspiratory peak levels off, your partner is to ehange 
the dram speed to FAST (1920 mm/min) so that the distanee 
between the vertieal lines on the ehart represents 1 seeond. 

3. Onee the dram speed is ehanged, exhale as much air as 
you ean as rapidly and foreibly as possible. 

4. When the traeing plateaus (bottoms out), stop reeording 
and determine your FVC. Subtract the milliliter reading in 
the expiration trough (the bottom plateau) from the preeeding 
inhalation peak (the top plateau). Reeord this value. 

FVC:_ml 

5. Prepare to calculate the FEV j. Draw a vertieal line inter- 
seeting with the spirogram traeing at the preeise point that 
exhalation began. Identify this line as line 1. From line 1, 
measure 32 mm horizontally to the left, and draw a seeond 
vertieal line. Label this as line 2. The distanee between the 
two lines represents 1 seeond, and the volume exhaled in the 
first seeond is read where line 2 interseets the spirogram trae- 
ing. Subtract that milliliter value from the milliliter value of 
the inhalation peak (at the interseetion of line 1), to determine 
the volume of gas expired in the first seeond. Aeeording to the 
values given in the example (Figure 37.6), that figure would 
be 3400 ml (6800 ml - 3400 ml). Reeord your measured value 
below. 

Milliliters of gas expired in seeond 1: _ml 
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Figure 37.6 A reeording of the foreed vital eapaeity (FVC) and foreed expiratory 
volume (FEV) or timed vital eapaeity test. 
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Figure 37.7 Example of a computer-generated spirogram. 


6. To compute the FEVi use the following equation: 

volume expired in seeond 1 

FEVi = ---X 100% 

FVC volume 

Reeord your calculated value below and on the review sheet 
at the end of this exercise. 

FEVp_% of FVC H 


A C T I V I T Y 5 


Measuring Respiratory Volumes 
Using BIOPAC® 

In this aetivity, you will measure respiratory volumes using 
the BIOPAC® airflow transducer. An example of these vol- 
umes is demonstrated in the computer-generated spirogram 
(Figure 37.7). Sinee it is not possible to measure residual 
volume (RV) using the airflow transducer, assume that it is 
1.0 liter for eaeh subject, which is a reasonable estimation. 
Or enter a volume between 1 and 5 liters via Preferenees. It 
is also important to estimate the predieted vital eapaeity of 
the subject for eomparison to the measured value. A rough 
estimate of the vital eapaeity in liters (VC) of a subject ean 
be calculated using the following formulas based on height in 
eentimeters (H) and age in years (A). 

Male VC = (0.052 )H - (0.022)A - 3.60 
Female VC = (0.041)/f - (0.018)A - 2.69 

Because many faetors besides height and age influence vital 
eapaeity, it should be assumed that measured values up to 20% 
above or below the calculated predieted value are normal. 

Setting Up the Equipment 

1. Connect the BIOPAC® unit to the computer and turn the 
computer ON. 



BIOPAC® MP45 unit 


BIOPAO® MP36/35 unit 



Airflow transducer 


Figure 37.8 Setting up the BIOPAC® equipment. Plug 
the airflow transducer into ehannel 1. Transducer is 
shown plugged into the MP36/35 unit. 


2. Make sure the BIOPAC® unit is OFF. 

3. Plug in the equipment (as shown in Figure 37.8). 

• Airflow transducer—CH 1 

4. Turn the BIOPAC® unit ON. 
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Figure 37.9 Plaeement of the ealibration syrìnge 
and filter assembly onto the airflow transducer for 
ealibration. 


5. Plaee a elean baeteriologieal filter onto the end of the 
BIOPAC® ealibration syringe (as shown in Figure 37.9). 
Sinee the subject will be blowing through a filter, it is neees- 
sary to use a filter for ealibration. 

6. Insert the ealibration syringe and filter assembly into the 
airflow transducer on the side labeled Inlet. 

7. Start the BIOPAC® Student Lab program on the computer 
by double-clicking the ieon on the desktop or by following 
your instmetor’s guidance. 

8. Seleet lesson L12-Pulmonary Functions-l from the 
menu, and eliek OK. 

9. Type in a filename that will save this subject’s data on the 
computer hard drive. You may want to use the subject’s last 
name followed by Pulmonary Functions (PF)-l (for example, 
SmithPF-1), then eliek OK. 

ealibrating the Equipment 

Two precautions must be followed: 

• The airflow transducer is sensitive to gravity, so it must 
be held direetly parallel to the ground during ealibration and 
reeording. 

• Do not hold onto the airflow transducer when it is 
attaehed to the ealibration syringe and filter assembly—the 
syringe tip is likely to break. (See Figure 37.10 for the 
proper handling of the ealibration assembly). The size of 
the ealibration syringe ean be altered via Preferenees. 

1. Make sure the plunger is pulled all the way out. While the 
assembly is held in a steady position parallel to the ground, 



Figure 37.10 Proper handling of the ealibration 
assembly. 


Reeord | Redo Galibratiorí 



Figure 37.11 Example of ealibration data. 

eliek Calibrate and then OK after you have read the alert 
box. This part of the ealibration will terminate automatically 
with an alert box ensuring that you have read the on-sereen 
instmetions and those indieated in step 2, below. 

2. The final part of the ealibration involves simulating five 
breathing eyeles using the ealibration syringe. A single eyele 
eonsists of: 

• Pushing the plunger in (taking 1 seeond for this stroke) 

• Waiting for 2 seeonds 

• Pulling the plunger out (taking 1 seeond for this stroke) 

• Waiting 2 seeonds 

Remember to hold the airflow transducer direetly parallel to 
the ground during ealibration and reeording. 

3. When ready to perform this seeond stage of the ealibra- 
tion, eliek Yes. After you have eompleted five eyeles, eliek 

End Calibration. 

4. Observe the data, which should look similar to that in the 
example (Figure 37.11). 

• If the data look very different, eliek Redo Calibration 
and repeat the steps above. 

• If the data look similar, gently remove the ealibration 
syringe, leaving the air filter attaehed to the transducer. 
Proeeed to the next seetion. 

Reeording the Data 

Follow these procedures preeisely, because the airflow trans- 
ducer is very sensitive. Hints to obtain the best data: 

• Always insert air filter on, and breathe through, the trans- 
ducer side labeled Inlet. 

• Keep the airflow transducer upright at all times. 

• The subject should not look at the computer sereen dur- 
ing the reeording of data. 

• The subject must keep a nose elip on throughout the 
experiment. 

1. Insert a elean mouthpiece into the air filter that is already 
attaehed to the airflow transducer. Be sure that the filter is 
attaehed to the Inlet side ofthe airflow transducer. 















































Respiratory System Physiology 561 


Nose elip 


Airflow transducer 


Lj 



Disposable 

mouthpiece 



dd 


None 


♦ 


Segment 1 


mi None ~| 




Figure 37.13 Example of pulmonary data. 


Figure 37.12 Proper equipment setup for reeording 
data. 

2. Write the name of the subject on the mouthpiece and air 
filter. For safety purposes, eaeh subject must use his or her 
own air filter and mouthpiece. 

3. The subject should now plaee the nose elip on the nose 
(or hold the nose very tightly with finger pineh), wrap the lips 
tightly around the mouthpiece, and begin breathing normally 
through the airflow transducer (as shown in Figure 37.12). 

4. When prepared, the subject will eomplete the following 
unbroken series with nose plugged and lips tightly sealed 
around the mouthpiece: 

• Take five normal breaths (1 breath = inhale + exhale). 


Data Analysis 

1. If just starting the BIOPAC® program to perform data 
analysis, enter Review Saved Data mode and ehoose the file 
with the subject’s PF data (for example, SmithPF-1). 

2. Observe how the ehannel numbers are designated: 
CH 1— Airflow; CH 2—Volume. 

3. To set up the display for optimal viewing, hide CH 1— 
Airflow. To do this, hold down the Ctrl key (PC) or Option 
key (Mae) while using the cursor to eliek the Channel box 1 
(the small box with a 1 at the upper left of the sereen). 

4. To analyze the data, set up the first pair of ehannel/ mea- 
surement boxes at the top of the sereen by seleeting the fol- 
lowing ehannel and measurement type from the drop-down 
menu: 


• Inhale as much air as possible. 

• Exhale as much air as possible. 

• Take five normal breaths. 

5. When the subject is prepared to proeeed, eliek Reeord 

on the first normal inhalation and proeeed. When the subject 

finishes the last exhalation at the end of the series, eliek Stop. 

6. Observe the data, which should look similar to that in the 

example (Figure 37.13). 

• If the data look very different, eliek Redo and repeat the 
steps above. Be eertain that the lips are sealed around 
the mouthpiece, the nose is eompletely plugged, and the 
transducer is upright. 

• If the data look similar, proeeed to step 7. 

7. When finished, eliek Done. A pop-up window will appear. 

• Click Yes if you are done and want to stop reeording. 

• To reeord from another subject, seleet Reeord from 
another Subject and return to step 1 under Reeording 
the Data. You will not need to redo the ealibration pro- 
cedure for the seeond subject. 

• If continuing to the Data Analy sis seetion, seleet Analyze 
current data file and proeeed to step 2 of the Data 
Analysis seetion. 


ehannel 

Measurement 

Data 

CH 2 

p-p 

volume 


5. Take two measures for an averaged TV calculation: Use 
the arrow cursor and eliek the I-beam cursor box on the lower 
right side of the sereen to aetivate the “area seleetion” func- 
tion. Using the aetivated I-beam cursor, highlight the inhala- 
tion of eyele 3 (as shown in Figure 37.14). 
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Figure 37.14 Highlighting data for the inhalation of the 
third breath. 
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6. The computer automatically calculates the p-p value for 
the seleeted area. This measure is the differenee between the 
highest and lowest values in the seleeted area. Note the value. 
Use the I-beam cursor to seleet the exhalation of eyele 3 and 
note the p-p value. 

7. Calculate the average of the two p-p values. This rep- 
resents the tidal volume (in liters). Reeord the value in the 

Pulmonary Measurements ehart below: 


Pulmonary Measurements 

Volumes 

Measurements 

(liters) 

Tidal volume (TV) 


Inspiratory reserve volume (IRV) 


Expiratory reserve volume (ERV) 


Vital eapaeity (VC) 


Residual volume (RV) 

1.00 (assumed) 


8. Use the I-beam cursor to measure the IRV: Highlight from 
the peak of maximum inhalation to the peak of the last normal 
inhalation just before it (see Figure 37.7 for an example of 
IRV). Observe and reeord the A (delta) value in the ehart (to 
the nearest 0.01 liter). 

9. Use the I-beam cursor to measure the ERV: Highlight 
from the trough of maximum exhalation to the trough of the 
last normal exhalation just before it (see Figure 37.7 for an 
example of ERV). Observe and reeord the A (delta) value in 
the ehart (to the nearest 0.01 liter). 



10. Last, use the I-beam cursor to measure the VC: High- 
light from the trough of maximum exhalation to the peak of 
maximum inhalation (see Figure 37.7 for an example of VC). 
Observe and reeord the p-p value in the ehart (to the nearest 
0.01 liter). 

11. When finished, ehoose File menu and Quit to elose the 
program. 

Using the measured data, calculate the eapaeities listed in the 

Calculated Pulmonary Capacities ehart. 

Use the formula in the introduction of this aetivity (page 559) 
to calculate the predieted vital eapaeity of the subject based 
on height and age. 

Predieted V C: liters 


Calculated Pulmonary Capacities 


Capacity 

Formula 

Calculation 

(liters) 

Inspiratory eapaeity (IC) 

= TV + IRV 


Functional residual 
eapaeity (FRC) 

= ERV + RV 


Total lung eapaeity (TLC) 

= TV + RV + 
IRV + ERV 



How does the measured vital eapaeity eompare to the 
predieted vital eapaeity? 


Deseribe why height and weight might eorrespond with a 
subject’s VC. 


What other faetors might influence the VC of a subject? 



Faetors infliieneing Rate 
and Depth of Respiration 


The neural eenters that eontrol respiratory rhythm and main- 
tain a rate of 12 to 18 respirations/min are loeated in the 
medulla and pons. On oeeasion, input from the streteh reeep- 
tors in the lungs (via the vagus nerve to the medulla) modifies 
the respiratory rate, as in eases of extreme overinflation of the 
lungs (Hering-Breuer reflex). 

Death occurs when medullary eenters are eom- 


pletely suppressed, as from an overdose of sleeping 
pills or gross overindulgence in aleohol, and respiration 
eeases eompletely. + 

Although the nervous system eenters initiate the basie 
rhythm of breathing, there is no question that physieal phe- 
nomena such as talking, yawning, coughing, and exercise ean 
modify the rate and depth of respiration. So, too, ean ehemieal 
faetors such as ehanges in oxygen or earbon dioxide eon- 
eentrations in the blood or fluctuations in blood pH. This is 
espeeially important in initiating breathing in a newborn. The 
buildup of earbon dioxide in the blood triggers the baby’s first 
breath. Changes in earbon dioxide blood levels seem to aet 
direetly on the medulla eontrol eenters, whereas ehanges in 
pH and oxygen eoneentrations are monitored by ehemoreeep- 
tor regions in the aortie and earotid bodies, which in turn send 
input to the medulla. The experimental sequence in Aetivity 6 
is designed to test the relative importanee of various physieal 
and ehemieal faetors in the proeess of respiration. 


ACTI VITY 6 


Visualizing Respiratory Variations 

In this aetivity, you will count the respiratory rate of the 
subject visually by observing the movement of the ehest or 
abdomen. 

1. Reeord quiet breathing for 1 minute with the subject in a 
sitting position. 

Breaths per minute:_ 
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2. Reeord the subject’s breathing as he or she performs 
aetivities from the following list. Reeord your results on the 
review sheet at the end of this exercise. 


talking 

yawning 

laughing 

standing 

doing a math problem 
(eoneentrating) 


swallowing water 
coughing 
lying down 
mnning in plaee 


3. Without reeording, have the subject breathe normally for 
2 minutes, then inhale deeply and hold his or her breath for as 
long as he or she ean. 


Breath-holding interval: 


see 


As the subject exhales, reeord the reeovery period (time to 
return to normal breathing—usually slightly over 1 minute): 


Time of reeovery period: 


see 


Did the subject have the urge to inspire or expire during 


breath holding? 


Without reeording, repeat the above experiment, but this time 
exhale eompletely and forcefully after taking the deep breath. 


Breath-holding interval 


see 


Time of reeovery period 


see 


Did the subject have the urge to inspire or expire? 


Explain the results. (Hint: The vagus nerve is the sensory 
nerve of the lungs and plays a role here.) 


4. During the next task, a sensation of dizziness may develop. 
As the earbon dioxide is washed out of the blood by hyper- 
ventilation, the blood pH inereases, leading to a deerease in 
blood pressure and reduced eerebral circulation. 

▲ If you have a history of dizzy spells or a heart eondi- 

tion, do not perform this task. 

The subject may experience a laek of desire to breathe 
after foreed breathing is stopped. If the period of breath- 
ing eessation—apnea—is extended, eyanosis of the lips may 
occur. 

Have the subject hyperventilate (breathe deeply and 
forcefully at the rate of 1 breath/4 see) for about 30 see. 


Is the respiratory rate after hyperventilation faster or 
slower than during normal quiet breathing? 


5. Repeat the hyperventilation step. After hyperventilation, 
the subject is to hold his or her breath as long as possible. 

Breath-holding interval:_ 


Can the breath be held for a longer or shorter time after 
hyperventilating ? 


6. Without reeording, have the subject breathe into a paper 
bag for 3 minutes, then reeord his or her breathing movements. 

▲ During the bag-breathing exercise, the subject’s 

partner should watch the subject carefully for any 
untoward reaetions. 

Is the breathing rate faster or slower than that reeorded during 
normal quiet breathing? 


After hyperventilating?_. 

7. Run in plaee for 2 minutes, and then have your partner 
determine how long you ean hold your breath. 

Breath-holding interval:_see 

8. To prove that respiration has a marked effeet on circula- 
tion, conduct the following test. Have your lab partner reeord 
the rate and relative foree of your radial pulse before you 
begin. 

Rate:_beats/min Relative foree:_ 

Inspire foreibly. Immediately elose your mouth and nose to 
retain the inhaled air, and then make a forceful and prolonged 
expiration. Your lab partner should observe and reeord the 
eondition of the blood vessels of your neek and faee, and 
again immediately palpate the radial pulse. 

Observations:_ 

Radial pulse:_beats/min Relative foree:_ 

Explain the ehanges observed._ 
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Exercise 37 


Tissue eell 


C0 


CO 


eo 


Interstitial fluid 


COo 


eo 


eo 


eo 


► 





7 


/ 


K 




C0 2 (dissolved in plasma) 


Slow 

C0 2 + H 2 0 —-► H 2 C0 3 





HCOq“ + H 


+ 


Binds to 

plasma 

proteins 


Fast 

C0 2 + H 2 0- H 2 C0 3 




HCO 


+ H + 


Carbonic 
anhydrase 



HCO 

er 


ei 


Chloride 
shift 
(in) via 
transport 
protein 


C0 2 + Hb 



HbC0 2 (Carbamino- 

hemoglobin) 



HHb 



0 2 + Hb 


0 2 (dissolved in plasma) 


Blood plasma 


Figure 37.15 Oxygen release and earbon dioxide pickup at the tissues. 


| Dispose of the paper bag in the autoclave bag. 

* Observation of the test results should enable you to 
determine which ehemieal faetor, earbon dioxide or oxygen, 
has the greatest effeet on modifying the respiratory rate and 
depth. H 


Role of the Respiratory 
System in Aeid-Base 
k Balanee of Blood 




As you have already learned, pulmonary ventilation is neees- 
sary for continuous oxygenation of the blood and removal 
of earbon dioxide (a waste product of cellular respiration) 
from the blood. Blood pH must be relatively eonstant for the 
eells of the body to function optimally. The earbonie aeid- 
biearbonate buffer system of the blood is extremely important 
because it helps stabilize arterial blood pH at 7.4 ± 0.02. 

When earbon dioxide diffuses into the blood from the 
tissue eells, much of it enters the red blood eells, where it 
eombines with water to form earbonie aeid (Figure 37.15): 


H o + C0 9 earbonie anhydrase >H CQ 

enzyme present in RBC J 


Some earbonie aeid is also formed in the plasma, but that 
reaetion is very slow because of the laek of the earbonie anhy- 
drase enzyme. Shortly after it forms, earbonie aeid dissoeiates 
to release biearbonate (HC0 3 _ ) and hydrogen ions (H + ). 
The hydrogen ions that remain in the eells are neutralized, or 
buffered, when they eombine with hemoglobin molecules. If 
they were not neutralized, the intracellular pH would beeome 
very aeidie as H + ions accumulated. The biearbonate ions 
diffuse out of the red blood eells into the plasma, where they 
beeome part of the earbonie aeid-biearbonate buffer system. 


As HC0 3 “ follows its eoneentration gradient into the plasma, 
an eleetrieal imbalanee develops in the RBCs that draws Cl _ 
into them from the plasma. This exchange phenomenon is 
ealled the ehloride shift. 

Aeids (more preeisely, H + ) released into the blood by the 
body eells tend to lower the pH of the blood and to cause it to 
beeome aeidie. On the other hand, basie substances that enter 
the blood tend to cause the blood to beeome more alkaline 
and the pH to rise. Both of these tendeneies are resisted in 
large part by the earbonie aeid-biearbonate buffer system. If 
the H + eoneentration in the blood begins to inerease, the H + 
ions eombine with biearbonate ions to form earbonie aeid (a 
weak aeid that does not tend to dissoeiate at physiologieal or 
aeid pH) and are thus removed. 

H + + HC0 3 - ^H 2 C0 3 

Likewise, as blood H+ eoneentration drops below what is 
desirable and blood pH rises, H 2 C0 3 dissoeiates to release 
biearbonate ions and H + ions to the blood. 

H 2 C0 3 -> H + + HC0 3 - 

The released H + lowers the pH again. The biearbonate ions, 
being weak bases, are poorly functional under alkaline eondi- 
tions and have little effeet on blood pH unless and until blood 
pH drops toward aeid levels. 

In the ease of excessively slow or shallow breathing 
(hypoventilation) or fast deep breathing (hyperventilation), 
the amount of earbonie aeid in the blood ean be greatly modi- 
fied—inereasing dramatieally during hypoventilation and 
deereasing substantially during hyperventilation. In either 
situation, if the buffering ability of the blood is inadequate, 
respiratory aeidosis or alkalosis ean result. Therefore, main- 
taining the normal rate and depth of breathing is important for 
proper eontrol of blood pH. 
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A C T I V I T Y 7 


Demonstrating the Reaetion Between 
Carbon Dioxide (in Exhaled Air) and Water 

1. Fill a beaker with 100 ml of distilled water. 

2. Add 5 ml of 0.05 M NaOH and five drops of phenol 
red. Phenol red is a pH indieator that turns yellow in aeidie 
solutions. 

3. Blow through a straw into the solution. 

What do you observe? 


3. Add 3 more drops of eoneentrated HC1 to beaker 4, stir, 

and reeord the pH:_ 

4. Add 3 more drops of eoneentrated NaOH to beaker 5, stir, 

and reeord the pH:_ 

How successful was the buffer solution in resisting pH 
ehanges when a strong aeid (HC1) or a strong base (NaOH) 
was added? 


What ehemieal reaetion is taking plaee in the beaker? 


4. Diseard the straw in the autoclave bag. 


ACTI VITY 8 


Observing the Operation 
of Standard Buffers 

1 . A buffer is a molecule or molecular system that stabilizes 
the pH of a solution. To observe the aetion of a buffer system, 
obtain five 250-ml beakers and a wash bottle eontaining dis- 
tilled water. Set up the following experimental samples: 


Beaker 1: 

(150 ml distilled water) pH 

Beaker 2: 

(150 ml distilled water and 
1 drop eoneentrated HC1) pH 

Beaker 3: 

(150 ml distilled water and 
1 drop eoneentrated NaOH) pH 

Beaker 4: 

(150 ml standard buffer solution 

[pH 7] and 1 drop eoneentrated HC1) pH 

Beaker 5: 

(150 ml standard buffer solution 

[pH 7] and 1 drop eoneentrated NaOH) pH 


2. Using a pH meter standardized with a buffer solution of 
pH 7, determine the pH of the eontents of eaeh beaker and 
reeord above. After eaeh and every pH reeording, the pH me- 
ter switch should be turned to STANDBY, and the eleetrodes 
rinsed thoroughly with a stream of distilled water from the 
wash bottle. 


A C T I V I T Y 9 


Exploring the Operation of the Carbonic 
Aeid-Biearbonate Buffer System 

To observe the ability of the earbonie aeid-biearbonate buffer 
system of blood to resist pH ehanges, perform the following 
simple experiment. 

1. Obtain two small beakers (50 ml), animal plasma, gradu- 
ated eylinder, glass stirring rod, and a dropper bottle of 0.01 
M HC1. Using the pH meter standardized with the buffer so- 
lution of pH 7.0, measure the pH of the animal plasma. Use 
only enough plasma to allow immersion of the eleetrodes and 
measure the volume used carefully. 

pH of the animal plasma:_ 

2. Add 2 drops of the 0.01 M HC1 solution to the plasma; stir 
and measure the pH again. 

pH of plasma plus 2 drops of HC1:_ 

3. Turn the pH meter switch to STANDBY, rinse the elee- 
trodes, and then immerse them in a quantity of distilled water 
(pH 7) exactly equal to the amount of animal plasma used. 
Measure the pH of the distilled water. 

pH of distilled water:_ 

4. Add 2 drops of 0.01 M HC1, swirl, and measure the pH 
again. 

pH of distilled water plus the two drops of HC1:_ 

Is the plasma a good buffer?_ 

What eomponent of the plasma earbonie aeid-biearbonate 
buffer system was aeting to counteract a ehange in pH when 
HC1 was added? 
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Name_ 

Lab Time/Date 



Meehanies of Respiration 



1. For eaeh of the following eases, eheek the column appropriate to your observations on the operation of the model lung. 



Diaphragm pushed up 

Diaphragm pulled down 

Change 

inereased 

Deereased 

inereased 

Deereased 

In internal volume of the bell jar 
(thoraeie eage) 





In internal pressure 





In the size of the balloons (lungs) 





In direetion of air flow 

Into lungs 

Out of lungs 

Into lungs 

Out of lungs 




2. Base your answers to the following on your observations in question 1. 
Under what internal eonditions does air tend to flow into the lungs?_ 


Under what internal eonditions does air tend to flow out of the lungs? Explain why this is so. 


3. Aetivation of the diaphragm and the external intereostal muscles begins the inspiratory proeess. What effeet does eontrae- 
tion of these muscles have on thoraeie volume, and how is this aeeomplished?_ 



What was the approximate inerease in diameter of ehest circumference during a quiet inspiration? 
Diiring foreed inspiration?_em 


em 
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What temporary physiologieal advantage is ereated by the substantial inerease in ehest circumference during foreed 
inspiration?_ 


5. The presenee of a partial vacuum between the pleural membranes is integral to normal breathing movements. What would 
happen if an opening were made into the ehest eavity, as with a puncture wound? 


What must be done to treat this eondition medieally?_ 

Respiratory Sounds 

6. Which of the respiratory sounds is heard during both inspiration and expiration?_ 

Which is heard primarily during inspiration?_ 

7. Where did you best hear the vesicular respiratory sounds?_ 

Respiratory Volumes and Capacities—Spirometry or BIOPAC® 

8. Write the respiratory volume term and the normal value that is deseribed by the following statements. 

Volume of air present in the lungs after a forceful expiration:_ 

Volume of air that ean be expired foreibly after a normal expiration:_ 

Volume of air that is breathed in and out during a normal respiration:_ 

Volume of air that ean be inspired foreibly after a normal inspiration:_ 

Volume of air eorresponding to TV + IRV + ERV:_ 

9. For the spirometer aetivities, reeord experimental respiratory volmnes as determined in the laboratory. (Corrected values and 
FEV^ are for the reeording spirometer only.) 


Averase TV: 

ml 

Averaee ERV: 

ml 

Corrected value for TV: 

ml 

Corrected value for ERV: 

ml 

Averase IRV: 

ml 

Averaee VC: 

ml 

Corrected value for IRV: 

ml 

Corrected value for VC: 

ml 

MRV: 

ml/min 

% predieted VC: 

% 



FEV^: 

% FVC 


For the BIOPAC® aetivity, reeord the following experimental respiratory volmnes as determined in the laboratory. 


TV: 

L 

IRV: 

L 

ERV: 

L 

VC: 

L 





























Revievv Sheet 37 


569 


10. Would your vital eapaeity measurement differ if you performed the test while standing? 
_Explain._ 


While lying down? 


11. Which respiratory ailments ean respiratory volrnne tests be used to deteet? 


12. Using an appropriate referenee, eomplete the ehart below. 




0 2 

C0 2 

N 2 

% of eomposition of air 

Inspired 




Expired 





of Respiration 

and 


Test performed 

Observations (breaths per minute) 

Talking 


Yavvning 


Laughing 


Standing 


Concentrating 


Svvallovving vvater 


Coughing 


Lying down 


Running in plaee 



Faetors lnfluencing Rate and Depth 

13. Where are the neural eontrol eenters of respiratory rhythm? _ 
For questions 14-21, use your Aetivity 6 data. 

14. In your data, what was the rate of quiet breathing? 

Initial testing_breaths/min 
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15. Reeord student data below. 

Breath-holding interval after a deep inhalation:_see length of reeovery period:_see 

Breath-holding interval after a forceful expiration:_see length of reeovery period:_see 

After breathing quietly and taking a deep breath (which you held), was your urge to inspire or expire?_ 

After exhaling and then holding one’s breath, was the desire for inspiration or expiration?_ 

Explain these resiilts. (Hint: What reflex is involved here?)_ 


16. Observations after hyperventilation: 


17. Breath-holding interval after hyperventilation:_see 

Why does hyperventilation produce apnea or a reduced respiratory rate? 


18. Observations for rebreathing air: 


Why does rebreathing air produce an inereased respiratory rate? 


19. What was the effeet of mnning in plaee (exercise) on the duration of breath holding? 
Explain this effeet._ 


20. Reeord student data from the test illustrating the effeet of respiration on circulation. 

Radial pulse before beginning test:_/min Radial pulse after testing:_/min 

Relative pulse foree before beginning test:_ Relative foree of radial pulse after testing:_ 

Oondition of neek and faeial veins after testing:_ 

Explain these data._ 
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21. Do the following faetors generally inerease (indieate t) or deerease (indieate I) the respiratory rate and depth? 

inerease in blood C0 2 :_ inerease in blood pH:_ 

deerease in blood 0 2 :_ deerease in blood pH:_ 

Did it appear that C0 2 or 0 2 had a more marked effeet on modifying the respiratory rate?_ 

22. Where are sensory reeeptors sensitive to ehanges in blood pressure loeated?_ 


23. Where are sensory reeeptors sensitive to ehanges in 0 2 levels in the blood loeated? 


24. What is the primary faetor that initiates breathing in a newborn infant? 


25. Which, if any, of the measurable respiratory volumes would likely be inereased in a person who is cardiovascularly fit, such 
as a rnnner or a swimmer? 


Which, if any, of the measurable respiratory volumes would likely be deereased in a person who has smoked a lot for over 
twenty years? 


26. Blood C0 2 levels and blood pH are related. When blood C0 2 levels inerease, does the pH inerease or deerease? 
_Explain why._ 


Role of the Respiratory System in Aeid-Base Balanee of Blood 

27. Define biiffer. _ 

28. How successful was the laboratory buffer (pH 7) in resisting ehanges in pH when the aeid was added?_ 


When the base was added?_ 

How successful was the buffer in resisting ehanges in pH when the additional drops of the aeid and base were added to the 


original samples? 
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29. What buffer system operates in blood plasma?_ 

Which member of the buffer system resists a drop in pH?_Which resists a rise in pH? 

30. Explain how the earbonie aeid-biearbonate buffer system of the blood operates._ 


31. What happened when the earbon dioxide in exhaled air mixed with water? 


What role does exhalation of earbon dioxide play in maintaining relatively eonstant blood pH? 














MATERIALS 


Anatomy of the 
Digestive System 


□ Disseetible torso model 

□ Anatomieal ehart of the hiiman 
digestive system 

□ Prepared slides of the liver and mixed 
salivary glands; of longitudinal seetions 
of the gastroesophageal junction and 

a tooth; and of eross seetions of the 
stomaeh, duodenum, ileum, and large 
intestine 

□ Compound mieroseope 

□ Three-dimensional model of a villus (if 
available) 

□ Javv model or human skull 

□ Three-dimensional model of liver 
lobules (if available) 



For instmetions on animal dissee- 
tions, see the disseetion exercises 
(starting on page 697) in the eat and fetal 
pig editions of this manual. 


5 


List and explain the speeializations of the structure of the stomaeh and 
small intestine that contribute to their functional roles. 






OBJEGTIVES 


1 

2 


3 


4 


State the overall function of the digestive system. 

Deseribe the general histologie structure of the alimentary eanal vvall 
and identify the follovving structures on an appropriate image of the 
vvall: rrmeosa, submucosa, muscularis externa, and serosa or adventitia. 

Identify on a model or image the organs of the alimentary eanal, and 
name their subdivisions if any. 

Deseribe the general function of eaeh of the digestive system organs or 
structures. 



x 



6. Name and identify the aeeessory digestive organs listing a function for eaeh. 

7. Deseribe the anatomy of the generalized tooth, and name the human 
deciduous and permanent teeth. 

8. List the major enzymes or enzyme groups produced by the salivary glands, 
stomaeh, small intestine, and panereas. 

9. Reeognize mieroseopieally or in an image the histologie structure of the 
follovving organs: 

small intestine tooth liver 

salivary glands stomaeh 


PRE-LAB Q U I Z 


M 




MasteringA&P 8 For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you vvill find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



1. The digestive system 

a. eliminates undigested food 

b. provides the body vvith nutrients 
e. provides the body vvith vvater 

d. all of the above 

2. Circle the eorreet underlined term. Digestion / Absorption occurs vvhen 
small molecules pass through epithelial eells into the blood for distribution 
to the body eells. 

3. The_abuts the lumen of the alimentary eanal and eonsists of 

epithelium, lamina propria, and muscularis mucosae. 

a. mucosa 

b. serosa 

e. submucosa 

4. Circle the eorreet underlined term. Approximately 25 em long, the 
esophagus / alimentary eanal conducts food from the pharynx to the 
stomaeh. 

5. Wavelike eontraetions of the digestive traet that propel food along are 
ealled 

a. digestion e. ingestion 

b. elimination d. peristalsis 
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Exercise 38 


6. The_is loeated on the left side of the 

abdominal eavity and is hidden by the liver and 
diaphragm. 

a. gallbladder 

b. large intestine 
e. small intestine 
d. stomaeh 

7. Circle True or False. Nearly all nutrient absorption occurs 
in the small intestine. 

8. Circle the eorreet underlined term. The aseending eolon / 
deseending eolon traverses down the left side of the 
abdominal eavity and beeomes the sigmoid eolon. 


9. A tooth eonsists of two major regions, the crown and 
the 

a. dentin 

b. enamel 
e. gingiva 

d. root 

10. Loeated inferior to the diaphragm, the_is 

the largest gland in the body. 

a. gallbladder 

b. liver 

e. panereas 
d. thyrrms 



he digestive system provides the body with the nutri- 
ents, water, and eleetrolytes essential for health. The 
organs of this system ingest, digest, and absorb food 
and eliminate the undigested remains as feees. 

The digestive system eonsists of a hollow tube extend- 
ing from the mouth to the anus, into which various aeees- 
sory organs or glands empty their seeretions (Figure 38.1). 
Food material within this tube, the alimentary eanal, is teeh- 
nieally outside the body because it has eontaet only with the 
eells lining the traet. For ingested food to beeome available 
to the body eells, it must first be broken down physieally 
(by chewing or churning) and ehemieally (by enzymatie 
hydrolysis) into its smaller diffusible molecules—a proeess 
ealled digestion. The digested end products ean then pass 
through the epithelial eells lining the traet into the blood for 
distribution to the body eells—a proeess termed absorp- 
tion. In one sense, the digestive traet ean be viewed as a 
disassembly line, in which food is earried from one stage 
of its digestive proeessing to the next by muscular aetivity, 
and its nutrients are made available to the eells of the body 
en route. 

The organs of the digestive system are traditionally 
separated into two major groups: the alimentary eanal, or 
gastrointestinal (GI) traet, and the aeeessory digestive 
organs. The alimentary eanal is approximately 9 meters 
long in a eadaver but is eonsiderably shorter in a living 
person due to muscle tone. It eonsists of the mouth, phar- 
ynx, esophagus, stomaeh, and small and large intestines. 
The aeeessory structures include the teeth, which physieally 
break down foods, and the salivary glands, gallbladder, liver, 
and panereas, which seerete their products into the alimen- 
tary eanal. 


General Histologieal Plan 
of the Alimentary Canal 

From the esophagus to the anal eanal, the basie structure of 
the alimentary eanal is similar. So, it makes sense to begin our 
study by learning the features of this structure. As we study 
individual parts of the alimentary eanal, we will note how this 
basie plan is modified to provide the unique digestive func- 
tions of eaeh subsequent organ. 


Essentially the alimentary eanal wall has four basie 
tunics (layers). From the lumen outward, these are the 
mucosa, the submucosa, the muscularis externa, and either 
a serosa or adventitia (Figure 38.2). Eaeh of these tunics 
has a predominant tissue type and a speeifie function in the 
digestive proeess. 


Mucosa (mucous membrane): The mucosa is the wet epi- 
thelial membrane abutting the alimentary eanal lumen. It 
eonsists of a surface epithelium (in most eases, a simple 
columnar), a lamina propria (areolar eonneetive tissue on 
which the epithelial layer rests), and a muscularis mucosae 
(a seant layer of smooth muscle fibers that enable loeal move- 
ments of the mucosa). The major functions of the mucosa are 
seeretion (of enzymes, mucus, hormones, ete.), absorption 
of digested foodstuffs, and proteetion (against baeterial inva- 
sion). A particular mucosal region may be involved in one or 
all three functions. 


Submucosa: The submucosa is moderately dense eonneetive 
tissue eontaining blood and lymphatie vessels, seattered lym- 
phoid follieles, and nerve fibers. Its intrinsie nerve supply is 
ealled the submucosal plexus. Its vessels absorb and transport 
nutrients, and its abundant elastie fibers help maintain the 
normal shape of eaeh organ. 


Muscularis externa: The muscularis externa, also simply 
ealled the muscularis, typieally is a bilayer of smooth muscle, 
with the inner layer mnning circularly and the outer layer run- 
ning longitudinally. This layer moves the eontents of the eanal 
along by segmentation and peristalsis. An important intrinsie 
nerve plexus, the myenterie plexus, assoeiated with this tunic 
is the major regulator of GI motility. 


Serosa: The outermost eovering of the intraperitoneal organs 
is the serosa, also ealled the viseeralperitoneum. It eonsists of 
mesothelium assoeiated with a thin layer of areolar eonnee- 
tive tissue. The serosa reduces frietion as the mobile digestive 
system organs work and slide aeross one another and the 
eavity walls. In the esophagus, which is outside the abdomi- 
nopelvie eavity, the serosa is replaeed by an adventitia, a 
layer of eoarse fibrous eonneetive tissue that binds the organ 
to surrounding tissues. The adventitia anehors and proteets 
the surrounded organ. 
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Figure 38.1 The human digestive system: alimentary tube and aeeessory organs. 

Organs with asterisks are aeeessory organs. Those without asterisks are alimentary 
eanal organs (except the spleen, a part of the lymphatie system). 


Organs of the Alimentary Canal 


A C T I V I T Y 1 


Identifying Alimentary Canal Organs 

The sequential pathway and fate of food as it passes through 
the alimentary eanal organs are deseribed in the next seetions. 
Identify eaeh structure in the digestive system illustration 
(Figure 38.1) and on the torso model or anatomieal ehart of 
the digestive system as you work. M 

Oral Cavity or Mouth 

Food enters the digestive traet through the oral eavity, or 
mouth (Figure 38.3). Within this mucous membrane-lined 


eavity are the gums, teeth, tongue, and openings of the ducts 
of the salivary glands. The lips (labia) proteet the opening 
of the ehamber anteriorly, the eheeks form its lateral walls, 
and the palate, its roof. The anterior portion of the palate 
is referred to as the hard palate because the palatine pro- 
eesses of the maxillae and horizontal plates of the palatine 
bones underlie it. The posterior soft palate is a fibromuscular 
structure that is unsupported by bone. The uvula, a fingerlike 
projeetion of the soft palate, extends inferiorly from its pos- 
terior margin. The soft palate rises to elose off the oral eavity 
from the nasal and pharyngeal passages during swallowing. 
The floor of the oral eavity is occupied by the muscular 
tongue, which is largely supported by the mylohyoid muscle 
(Figure 38.4) and attaehes to the hyoid bone, mandible, sty- 
loid proeesses, and pharynx. A membrane ealled the lingual 
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Exercise 38 


Intrinsie nerve plexuses 

• Myenterie nerve plexus 

• Submucosal nerve plexus 


Mesentery 



Lymphatie vessel 
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alimentary eanal 
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Mucosa 

• Epithelium 
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Muscularis externa 

• Longitudinal muscle 

• Circular muscle 

Serosa 
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• Connective tissue 

Lumen 

Mucosa-associated 
lymphoid tissue 


Figure 38.2 Basie structural pattern of the alimentary eanal wall. 


frenulum secures the inferior midline of the tongue to the 
floor of the mouth. The spaee between the lips and eheeks 
and the teeth and gums is the oral vestibule; the area that 
lies within the teeth and gums is the oral eavity proper. 
(The teeth and gums are discussed in more detail on pages 

584-585.) 

On eaeh side of the mouth at its posterior end are masses 
of lymphoid tissue, the palatine tonsils (see Figure 38.3). 
Eaeh lies in a eoneave area bounded anteriorly and posteri- 
orly by membranes, the palatoglossal areh and the palato- 
pharyngeal areh, respeetively. Another mass of lymphoid 
tissue, the lingual tonsil (see Figure 38.4), eovers the base of 
the tongue, posterior to the oral eavity proper. The tonsils, in 
eommon with other lymphoid tissues, are part of the body’s 
defense system. 

Very often in young ehildren, the palatine tonsils 


beeome inflamed and enlarge, partially bloeking the 
entranee to the pharynx posteriorly and making swallowing 
difficult and painful. This eondition is ealled tonsillitis. + 
Three pairs of salivary glands duct their seeretion, saliva, 
into the oral eavity. One eomponent of saliva, salivary amylase, 
begins the digestion of starehy foods within the oral eavity. 
(The salivary glands are discussed in more detail on page 585.) 

As food enters the mouth, it is mixed with saliva and 
mastieated (chewed). The eheeks and lips help hold the food 
between the teeth during mastieation, and the highly mobile 
tongue manipulates the food during chewing and initiates 
swallowing. Thus the meehanieal and ehemieal breakdown 
of food begins before the food has left the oral eavity. The 
surface of the tongue is eovered with papillae, many of which 
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Figure 38.3 Anterior view of the oral eavity. 
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Figure 38.4 Sagittal view of the head 
showing oral eavity and pharynx. 


eontain taste buds. Taste eells within the taste buds are the 
reeeptors for taste sensation. So, in addition to its manipula- 
tive function, the tongue permits the enjoyment and appreeia- 
tion of food. 

Pharynx 

When the tongue initiates swallowing, the food passes poste- 
riorly into the pharynx, a eommon passageway for food, fluid, 
and air (see Figure 38.4). The pharynx is subdivided anatomi- 
eally into three parts—the nasopharynx (behind the nasal 
eavity), the oropharynx (behind the oral eavity extending 
from the soft palate to the epiglottis), and the laryngopharynx 
(extending from the epiglottis to the base of the larynx). 

The walls of the pharynx eonsist largely of two layers of 
skeletal muscles: an inner layer of longitudinal muscle and 
an outer layer of circular eonstrietor muscles. Together these 
initiate wavelike eontraetions that propel the food inferiorly 
into the esophagus. The mucosa of the oropharynx and laryn- 
gopharynx, like that of the oral eavity, eontains a frietion- 
resistant stratified squamous epithelium. 

Esophagus 

The esophagus, or gullet, extends from the pharynx through 
the diaphragm to the gastroesophageal sphineter in the supe- 
rior aspeet of the stomaeh. Approximately 25 em long in 
humans, it is essentially a food passageway that conducts 
food to the stomaeh in a wavelike peristaltie motion. The 
esophagus has no digestive or absorptive function. The walls 
at its superior end eontain skeletal muscle, which is replaeed 
by smooth muscle in the area nearing the stomaeh. The gas- 
troesophageal sphineter, a slight thiekening of the smooth 
muscle layer at the esophagus-stomach junction, eontrols 
food passage into the stomaeh (Figure 38.5). 

Stomaeh 

The stomaeh (Figures 38.1 and 38.5) is on the left side of the 
abdominal eavity and is hidden by the liver and diaphragm. 


The stomaeh is made up of several regions. The eardial part 
or eardia is the area surrounding the eardial orifiee through 
which food enters the stomaeh. The fundus is a dome-shaped 
portion of the stomaeh found superolaterally to the eardia. 
The body forms the midportion of the stomaeh, which leads 
to the funnel-shaped pylorie part. The wide superior area of 
the pylorie part is ealled the pylorie antmrn; it narrows to form 
the pylorie eanal, which terminates in the pylorns. The pylo- 
rus is continuous with the small intestine through the pylorie 
sphineter or valve. 

The eoneave medial surface of the stomaeh is ealled the 
lesser curvature; its convex lateral surface is the greater 
curvature. Extending from these curvatures are two mes- 
enteries, ealled omenta. The lesser omentum extends from 
the liver to the lesser curvature of the stomaeh. The greater 
omentum, a saelike mesentery, extends from the greater cur- 
vature of the stomaeh, refleets downward over the abdominal 
eontents to eover them in an apronlike fashion, and then 
blends with the mesoeolon attaehing the transverse eolon to 
the posterior body wall. (Figure 38.7 on page 580 illustrates 
the omenta as well as the other peritoneal attaehments of the 
abdominal organs.) 

The stomaeh is a temporary storage region for food as 
well as a site for meehanieal and ehemieal breakdown of 
food. It eontains a third (innermost) obliquely oriented layer 
of smooth muscle in its muscularis externa that allows it to 
churn, mix, and pummel the food, physieally reducing it to 
smaller fragments. Gastrie glands of the mucosa seerete 
hydroehlorie aeid (HC1) and hydrolytie enzymes—primarily 
pepsinogen, the inaetive form of pepsin, which digests pro- 
tein. The mucosal glands also seerete a viscous mucus that 
helps prevent the stomaeh itself from being digested by the 
proteolytie enzymes. Most digestive aetivity occurs in the 
pylorie part of the stomaeh. After the food is proeessed in 
the stomaeh, it resembles a ereamy mass ealled ehyme, which 
enters the small intestine through the pylorie sphineter. 
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Exercise 38 
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Figure 38.5 Anatomy of the stomaeh. (a) Gross internal and external anatomy. 
(b) Photograph of ínternal aspeet of stomaeh. (e, d) Seetion of the stomaeh wall 
showing rugae and gastrie pits. 
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AGTIVITY 2 


Studying the Histologie Structure 
of Seleeted Digestive System Organs 

To prepare for the histologie study you will be conducting 
now and later in the lab, obtain a mieroseope and the follow- 
ing slides: salivary glands (submandibular or sublingual); 
liver; eross seetions of the large intestine, duodenum, ileum, 
and stomaeh; and longitudinal seetions of a tooth and the 
gastroesophageal junction. 

1. Stomaeh: View the stomaeh slide first. Refer to the pho- 
tomierograph (Figure 38.6a) as you sean the tissue under 
low power to loeate the muscularis externa; then move to high 
power to more elosely examine this layer. Try to piek out the 
three smooth muscle layers. How does the extra oblique layer 
of smooth muscle found in the stomaeh eorrelate with the 
stomaeh’s churning movements? 



_ a ir’Jíìí X im * 1 _" * 'I . 


Gastrie 

glands 


Muscularis 

mucosae 


Mucosa 



Submucosa _ 
Oblique layer 


Circular layer 


Longitudinal 


-Muscularis 
externa 


• m 





Identify the gastrie glands and the gastrie pits (see Figures 
38.5 and 38.6b). If the seetion is taken from the stomaeh 
fundus and is appropriately stained, you ean identify, in 
the gastrie glands, the blue-staining ehief eells, which pro- 
duce pepsinogen, and the red-staining parietal eells, which 
seerete HC1. The enteroendoerine eells that release hormones 
are indistinguishable. Draw a small seetion of the stomaeh 
wall, and label it appropriately. 



4 

é 



Simple columnar 
epithelium 

Lamina propria 

Gastrie pit 


Gastrie glands 



2. Gastroesophageal junction: Sean the slide under low 
power to loeate the mucosal junction between the end of the 
esophagus and the beginning of the stomaeh, the gastroesoph- 
ageal junction. Compare your observations to the photomiero- 
graph (Figure 38.6c). What is the functional importanee of the 
epithelial differenees seen in the two organs? 
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Fígure 38.6 Histology of seleeted regions of the 
stomaeh and gastroesophageal junction. (a) Stomaeh 
wall (12x). (b) Gastrie pits and glands (130x). 

(e) Gastroesophageal junction # longitudinal seetion (60x). 
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(d) 

Figure 38.7 Peritoneal attaehments of the abdominal organs. SuperfieiaI anterior 
vievvs of abdominal eavity: (a) photograph vvith the greater omentum in plaee and 
(b) diagram shovving greater omentum removed and liver and gallbladder refleeted 
superiorly. (e) Mesentery of the small intestine. (d) Sagittal vievv of a male torso. 
Mesentery labels appear in eolored boxes. 
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Figure 38.8 Structural modifieations of the small intestine that inerease its 
surface area for digestion and absorption. (a) Enlargement of a few circular 
folds # showing assoeiated fingerlike villi. (b) Diagram of the structure of a 
villus. (e) Two absorptive eells that exhibit mierovilli on their free (luminal) 
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surface. (d) Photomierograph of the mucosa showing villi (105x). 


(d) 



Small Intestine 

The small intestine is a convoluted tube, 6 to 7 meters 
(about 20 feet) long in a eadaver but only about 2 m 
(6 feet) long during life because of its muscle tone. It extends 
from the pylorie sphineter to the ileoeeeal valve. The small 
intestine is suspended by a double layer of peritoneum, the 
fan-shaped mesentery, from the posterior abdominal wall 
(Figure 38.7), and it lies, framed laterally and superiorly 
by the large intestine, in the abdominal eavity. The small 
intestine has three subdivisions (see Figure 38.1): (1) the 
duodenum extends from the pylorie sphineter for about 
25 em (10 inehes) and curves around the head of the pan- 
ereas; most of the duodenum lies in a retroperitoneal position. 
(2) The jejunum, continuous with the duodenum, extends 
for 2.5 m (about 8 feet). Most of the jejunum occupies the 
umbilical region of the abdominal eavity. (3) The ilernn, the 
terminal portion of the small intestine, is about 3.6 m (12 feet) 
long and joins the large intestine at the ileoeeeal valve. It is 
loeated inferiorly and somewhat to the right in the abdominal 
eavity, but its major portion lies in the hypogastrie region. 


Brush border enzymes, hydrolytie enzymes bound to ■ 
the mierovilli of the columnar epithelial eells, and, more il 
importantly, enzymes produced by the panereas and ducted ^ 
into the duodenum largely via the main panereatie duct 
eomplete the enzymatie digestion proeess in the small intes- 
tine. Bile (formed in the liver) also enters the duodenum via 
the bile duct in the same area. At the duodenum, the ducts 
join to form the bulblike hepatopanereatie ampulla and 
empty their products into the duodenal lumen through the 
major duodenal papilla, an orifiee eontrolled by a muscular 
valve ealled the hepatopanereatie sphineter (see Figure 
38.15 on page 587). 

Nearly all nutrient absorption occurs in the small intes- 
tine, where three structural modifieations inerease the absorp- 
tive surface of the mucosa: the mierovilli, villi, and circular 
folds (Figure 38.8). Mierovilli are minute projeetions of the 
surface plasma membrane of the columnar epithelial lining 
eells of the mucosa. Villi are the fingerlike projeetions of the 
mucosa tunic that give it a velvety appearanee and texture. 

The circular folds are deep, permanent folds of the mucosa 
and submucosa layers that foree ehyme to spiral through the 
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Fìgure 38.9 Histology of seleeted regions of the small 
and large intestines. Cross-sectional views. (a) Duodenum 
of the small intestine (95x). (b) lleum of the small 
intestine (20x). (e) Large intestine (80x). 


intestine, mixing it and slowing its progress. These structural 
modifieations deerease in frequency and size toward the end 
of the small intestine. Any residue remaining undigested and 
unabsorbed at the terminus of the small intestine enters the 
large intestine through the ileoeeeal valve. In eontrast, the 
amount of lymphoid tissue in the submucosa of the small 
intestine (espeeially the aggregated lymphoid nodules ealled 
Peyer’s patehes, Figure 38.9b) inereases along the length 
of the small intestine and is very apparent in the ileum. This 
refleets the faet that the remaining undigested food residue 
eontains large numbers of baeteria that must be prevented 
from entering the bloodstream. 


A C T I V I T Y 3 


Observing the Histologie Structure 
of the Small Intestine 

1. Duodenum: Secure the slide of the duodenum to the 
mieroseope stage. Observe the tissue under low power to 
identify the four basie tunics of the intestinal wall—that 
is, the mucosa and its three sublayers, the submucosa, the 
muscularis externa, and the serosa or viseeral peritoneum. 
Consult the photomierograph (Figure 38.9a) to help you iden- 
tify the seattered mucus-producing duodenal glands in the 
submucosa. 

What type of epithelium do you see here?_ 


Examine the large leaflike villi, which inerease the surface 
area for absorption. Notiee the seattered mucus-producing 
goblet eells in the epithelium of the villi. Note also the 
intestinal erypts (see also Figure 38.8), invaginated areas 
of the mucosa between the villi eontaining the eells that pro- 
duce intestinal juice, a watery mucus-containing mixture that 
serves as a earrier fluid for absorption of nutrients from the 
ehyme. Sketeh and label a small seetion of the duodenal wall, 
showing all layers and villi. 


2. Ileum: The structure of the ileum resembles that of 
the duodenum, except that the villi are less elaborate 
(because most of the absorption has occurred by the time that 
ehyme reaehes the ileum). Secure a slide of the ileum to the 
mieroseope stage for viewing. Observe the villi, and identify 
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Figure 38.10 The large intestine. (Seetion of the cecum removed to show the 
ileoeeeal valve.) 


the four layers of the wall and the large, generally spherieal 
Peyer’s patehes (Figure 38.9b). What tissue type are Peyer’s 
patehes? 


3. If a villus model is available, identify the following eells 
or regions before continuing: absorptive epithelium, goblet 
eells, lamina propria, slips of the muscularis mucosae, eapil- 
lary bed, and laeteal. If possible, also identify the intestinal 
erypts. 



Large Intestine 

The large intestine (Figure 38.10) is about 1.5 m (5 feet) 
long and extends from the ileoeeeal valve to the anus. It 
eneireles the small intestine on three sides and eonsists of the 
following subdivisions: cecum, appendix, eolon, rectum, 
and anal eanal. 

The blind wormlike appendix, which hangs from 
the cecum, is a trouble spot in the large intestine. 
Sinee it is generally twisted, it provides an ideal loeation for 



baeteria to accumulate and multiply. Inflammation of the 
appendix, or appendieitis, is the result. + 

The eolon is divided into several distinet regions. The 
aseending eolon travels up the right side of the abdomi- 
nal eavity and makes a right-angle turn at the right eolie 
(hepatie) flexure to eross the abdominal eavity as the trans- 
verse eolon. It then turns at the left eolie (splenie) flexure 
and continues down the left side of the abdominal eavity as 
the deseending eolon, where it takes an S-shaped course 
as the sigmoid eolon. The sigmoid eolon, rectum, and the 
anal eanal lie in the pelvis anterior to the saemrn and thus 
are not eonsidered abdominal eavity structures. Except for 
the transverse and sigmoid eolons, which are secured to the 
dorsal body wall by mesoeolons (see Figure 38.7), the eolon 
is retroperitoneal. 

The anal eanal terminates in the anus, the opening to 
the exterior of the body. The anal eanal has two sphineters, 
a voluntary external anal sphineter eomposed of skeletal 
muscle, and an involuntary internal anal sphineter eomposed 
of smooth muscle. The sphineters are normally elosed except 
during defeeation, when undigested food and baeteria are 
eliminated from the body as feees. 
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Figure 38.11 Human deciduous teeth and permanent 
teeth. (Approximate time of teeth eruption shown in 
parentheses.) 


In the large intestine, the longitudinal muscle layer of the 
muscularis externa is reduced to three longitudinal muscle 
bands ealled the teniae eoli. Sinee these bands are shorter 
than the rest of the wall of the large intestine, they cause the 
wall to pucker into small poeketlike saes ealled haustra. Fat- 
filled pouches of viseeral peritoneum, ealled epiploie append- 
ages, hang from the eolon’s surface. 

The major function of the large intestine is to eonsolidate 
and propel the unusable feeal matter toward the anus and 
eliminate it from the body. While it does that ehore, it (1) 
provides a site where intestinal baeteria manufacture vitamins 
B and K; and (2) reelaims most of the remaining water from 
undigested food, thus eonserving body water. 

Watery stools, or diarrhea, result from any eondi- 


tion that rnshes undigested food residue through the 
large intestine before it has had sufficient time to absorb the 
water. Conversely, when food residue remains in the large 
intestine for extended periods, excessive water is absorbed 
and the stool beeomes hard and difficult to pass, causing 
eonstipation. + 


A C T I V I T Y 4 


Examiníng the Histologie Structure 
of the Large Intestine 

Large intestine: Secure a slide of the large intestine to the 
mieroseope stage for viewing. Observe the villi and note 
the numerous goblet eells (Figure 38.9c). Why do you think 
the large intestine produces so much mucus? 



Aeeessory Digestive Organs 


Teeth 

By the age of 21, two sets of teeth have developed (Figure 
38.11). The initial set, ealled the deciduous (or milk) teeth, 
normally appears between the ages of 6 months and 2Vi years. 
The first of these to erupt are the lower eentral ineisors. The 
ehild begins to shed the deciduous teeth around the age of 6, 
and a seeond set of teeth, the permanent teeth, gradually 
replaees them. As the deeper permanent teeth progressively 
enlarge and develop, the roots of the deciduous teeth are 
resorbed, leading to their final shedding. During years 6 to 12, 
the ehild has mixed dentition—both permanent and decidu- 
ous teeth. Generally, by the age of 12, all of the deciduous 
teeth have been shed. 

Teeth are elassified as ineisors, eanines (eye teeth), pre- 
molars (bicuspids), and molars. Teeth names refleet dif- 
ferenees in relative structure and function. The ineisors are 
ehisel shaped and exert a shearing aetion used in biting. 
Canines are eone shaped or fanglike, the latter deseription 
being much more applieable to the eanines of animals whose 
teeth are used for the tearing of food. ineisors, eanines, and 
premolars typieally have single roots, though the first upper 
premolars may have two. The lower molars have two roots, 
but the upper molars usually have three. The premolars have 
two cusps (grinding surfaces); the molars have broad crowns 
with rounded cusps speeialized for the fine grinding of food. 

Dentition is deseribed by means of a dental formiila, 
which designates the numbers, types, and position of the 
teeth in one side of the jaw. (Because tooth arrangement is 
bilaterally symmetrieal, it is only neeessary to designate one 
side of the jaw.) The eomplete dental formula for the decidu- 
ous teeth from the medial aspeet of eaeh jaw and proeeeding 
posteriorly is as follows: 


Upper teeth: 2 ineisors, 1 eanine, 0 premolars, 2 molars 
Lower teeth: 2 ineisors, 1 eanine, 0 premolars, 2 molars 



This formula is generally abbreviated to read as follows: 


2 , 1 , 0,2 
2 , 1 , 0,2 



20 (number of deciduous teeth) 


The 32 permanent teeth are then deseribed by the following 
dental formula: 


2,1,2,3 

-X 2 = 32 (number of permanent teeth) 

2,1,2,3 F 
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Figure 38.12 Longitudinal seetion of human eanine 
tooth vvithin its bony soeket (alveolus). 


Although 32 is designated as the normal number of perma- 
nent teeth, not everyone develops a full eomplement. In many 
people, the third molars, eommonly ealled wisdom teeth, 
never ernpt. 


A C T I V I T Y 5 


Identifying Types of Teeth 

Identify the four types of teeth (ineisors, eanines, premolars, 
and molars) on the jaw model or human skull. H 

A tooth eonsists of two major regions, the crown and the 
root. A longitudinal seetion made through a tooth shows the 
following basie anatomieal plan (Figure 38.12). The crown 
is the superior portion of the tooth. The portion of the crown 
visible above the gingiva, or gum, is referred to as the elini- 
eal crown. The entire area eovered by enamel is ealled the 
anatomieal crown. Enamel is the hardest substance in the 
body and is fairly brittle. It eonsists of 95% to 97% inorganie 



calcium salts and thus is heavily mineralized. The ereviee 
between the end of the anatomieal crown and the upper mar- 
gin of the gingiva is referred to as the gingival sulcus. 

That portion of the tooth embedded in the alveolar por- 
tion of the jaw is the root, and the root and crown are eon- 
neeted by a slight eonstrietion, the neek. The outermost 
surface of the root is eovered by eement, which is similar to 
bone in eomposition and less brittle than enamel. The eement 
attaehes the tooth to the periodontal ligament, which holds 
the tooth in the tooth soeket and exerts a cushioning effeet. 
Dentin, which eomposes the bulk of the tooth, is the bonelike 
material interior to the enamel and eement. 

The pulp eavity occupies the eentral portion of the tooth. 
Pulp, eonneetive tissue liberally supplied with blood vessels, 
nerves, and lymphaties, occupies this eavity and provides for 
tooth sensation and supplies nutrients to the tooth tissues. 
Odontoblasts, speeialized eells that reside in the outer mar- 
gins of the pulp eavity, produce the dentin. The pulp eavity 
extends into distal portions of the root and beeomes the root 
eanal. An opening at the root apex, the apieal foramen, pro- 
vides a route of entry into the tooth for blood vessels, nerves, 
and other structures from the tissues beneath. 


AOTIVITY 6 


Studying Mieroseopie Tooth Anatomy 

Observe a slide of a longitudinal seetion of a tooth, and 
eompare your observations with the structures detailed in the 
illustration (Figure 38.12). Identify as many of these strne- 
tures as possible. Wk 

Salivary Glands 

Three pairs of major salivary glands (see Figure 38.1) empty 
their seeretions into the oral eavity. 

Parotid glands: Farge glands loeated anterior to the ear and 
ducting into the mouth over the seeond upper molar through 
the parotid duct. 

Submandibular glands: Foeated along the medial aspeet of 
the mandibular body in the floor of the mouth, and ducting 
under the tongue to the base of the lingual frenulum. 

Sublingual glands: Small glands loeated most anteriorly in 
the floor of the mouth and emptying under the tongue via 
several small ducts. 

Food in the mouth and meehanieal pressure (even chew- 
ing rnbber bands or wax) stimulate the salivary glands to 
seerete saliva. Saliva eonsists primarily of a viscous glyeopro- 
tein ealled mucin, which moistens the food and helps to bind 
it together into a mass ealled a bolus, and a elear serous fluid 
eontaining the enzyme salivary amylase. Salivary amylase 
begins the digestion of stareh, breaking it down into disaeeha- 
rides and glucose. Parotid gland seeretion is mainly serous; 
the submandibular is a mixed gland that produces both mucin 
and serous eomponents; and the sublingual gland produces 
mostly mucin. 
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Exercise 38 


Serous demilunes Duct 


Mucous eells 



Figure 38.13 Histology of a mixed salivary gland. 

Sublingual gland (170x). 


AOTIVITY 7 


Examining Salivary Gland Tissue 

Examine salivary gland tissue under low power and then 
high power to beeome familiar with the appearanee of a 
glandular tissue. Notiee the clustered arrangement of the 
eells around their ducts. The eells are basieally triangular, 
with their pointed ends faeing the duct opening. If possible, 
differentiate between mucus-producing eells, which look hol- 
low or have a elear eytoplasm, and serous eells, which pro- 
duce the elear, enzyme-eontaining fluid and have gramiles in 
their eytoplasm. The serous eells often form demilimes (eaps) 
around the more eentral mucous eells. (Figure 38.13 may be 
helpful in this task.) H 

Liver and Gallbladder 

The liver (see Figure 38.1), the largest gland in the body, is 
loeated inferior to the diaphragm, more to the right than the 
left side of the body. As noted earlier, it hides the stomaeh 
from view in a superficial observation of abdominal eontents. 
The human liver has four lobes and is suspended from the 
diaphragm and anterior abdominal wall by the faleiform liga- 
ment (Figure 38.14). 

The liver is one of the body’s most important organs, 
and it performs many metabolie roles. However, its digestive 
function is to produce bile, which leaves the liver through 
the eommon hepatie duct and then enters the duodenum 
through the bile duct (Figure 38.15). Bile has no enzymatie 
aetion but emulsifies fats, breaking up large fat partieles into 
smaller ones, which ereates a larger surface area for more 
effieient lipase aetivity. Without bile, very little fat digestion 
or absorption occurs. 

When digestive aetivity is not occurring in the diges- 
tive traet, bile baeks up into the eystie duct and enters the 
gallbladder, a small, green sae on the inferior surface of 
the liver. Bile is stored there until needed for the digestive 
proeess. While in the gallbladder, bile is eoneentrated by the 
removal of water and some ions. When fat-rieh food enters 
the duodenum, a hormonal stimulus causes the gallbladder to 
eontraet, releasing the stored bile and making it available to 
the duodenum. 



Faleiform 
Bare area ligament 



Right lobe Gallbladder Round ligament Left lobe of liver 
of liver (ligamentum teres) 
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Left lobe of liver Caudate 
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Figiire 38.14 Gross anatomy of the human liver. 

(a) Anterior vievv. (b) Posteroinferior aspeet. The four liver 
lobes are separated by a group of fissures in this vievv. 
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Figure 38.15 Ducts of aeeessory digestive organs. 


is stored as glyeogen in the liver for later use, and amino 
aeids are taken from the blood by the liver eells and utilized 
to make plasma proteins. The sinusoids empty into the eentral 
vein, and the blood ultimately drains from the liver via the 
hepatie veins. 

Bile is continuously being made by the hepatoeytes. 
It flows through tiny eanals, the bile canaliculi, which run 
between adjaeent eells toward the bile duct branehes in the 
triad regions, where the bile eventually leaves the liver. Notiee 
that the direetions of blood and bile flow in the liver lobule 
are exactly opposite. 


AOTIVITY 8 


Examining the Histology of the Liver 

Examine a slide of liver tissue and identify as many as possi- 
ble of the structural features (see Figure 38.16). Also examine 
a three-dimensional model of liver lobules if this is available. 
Reproduce a small pie-shaped seetion of a liver lobule in the 
spaee below. Label the hepatoeytes, the stellate maerophages, 
sinusoids, a portal triad, and a eentral vein. H 



If the eommon hepatie or bile duct is bloeked (for 
example, by wedged gallstones), bile is prevented 
from entering the small intestine, accumulates, and eventually 
baeks up into the liver. This exerts pressure on the liver eells, 
and bile begins to enter the bloodstream. As the bile circulates 
through the body, the tissues beeome yellow, or jaundiced. 

Bloekage of the ducts is just one cause of jaundice. More 
often it results from actual liver problems such as hepatitis, 
(which is any inflammation of the liver,) or eirrhosis, a eondi- 
tion in which the liver is severely damaged and beeomes hard 
and fibrous. Cirrhosis is prevalent in those who drink exces- 
sive aleohol for many years. + 

As demonstrated by its highly organized anatomy, the 
liver (Figure 38.16) is very important in the initial proeess- 
ing of the nutrient-rich blood draining the digestive organs. Its 
structural and functional units are ealled lobules. Eaeh lob- 
ule is a basieally hexagonal structure eonsisting of eordlike 
arrays of hepatoeytes or liver eells, which radiate outward 
from a eentral vein mnning upward in the longitudinal axis of 
the lobule. At eaeh of the six eorners of the lobule is a portal 
triad, so named because three basie structures are always 
present there: a portal arteriole (a braneh of the hepatie 
artery, the functional blood supply of the liver), a portal ven- 
ule (a braneh of the hepatie portal vein earrying nutrient-rich 
blood from the digestive viseera), and a bile duct. Between 
the liver eells are blood-filled spaees, or sinusoids, through 
which blood from the hepatie portal vein and hepatie artery 
pereolates. Stellate maerophages, speeial phagoeytie eells, 
also ealled hepatie maerophages, line the sinusoids and 
remove debris such as baeteria from the blood as it flows past, 
while the hepatoeytes piek up oxygen and nutrients. Much of 
the glucose transported to the liver from the digestive system 


Panereas 

The panereas is a soft, triangular gland that extends hori- 
zontally aeross the posterior abdominal wall from the spleen 
to the duodenum (see Figure 38.1). Like the duodenum, it is 
a retroperitoneal organ (see Figure 38.7). The panereas has 
both an endoerine function producing the hormones insulin 
and glucagon and an exocrine function. Its exocrine seere- 
tion includes many hydrolytie enzymes, and is seereted into 
the duodenum through the panereatie duct. Panereatie juice 
is very alkaline. Its high eoneentration of biearbonate ion 
(HC0 3 “) neutralizes the aeidie ehyme entering the duode- 
num from the stomaeh, enabling the panereatie and intestinal 
enzymes to operate at their optimal pH, which is slightly 
alkaline. (See Figure 27.3c.) 


3B For instmetions on animal disseetions, see the dissee- 


tion exercises (starting on page 697) in the eat and fetal 


pig editions of this manual. 
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Exercise 38 



Lobule 


Central vein 


Connective 
tissue septum 


lnterlobular veins 
(to hepatie vein) 


Sinusoids 


Plates of 
hepatoeytes 



Bile duct (reeeives 
bile from bile 
canaliculi) 
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Portal arteriole 


Portal triad 


(e) 


Figure 38.16 Mieroseopie anatomy of the liver. (a) Sehematie view of the cut surface 
of the liver showing the hexagonal nature of its lobules. (b) Photomierograph of one 
liver lobule (55x). (e) Enlarged three-dimensional diagram of one liver lobule. Arrows 
show direetion of blood flow. Bile flows in the opposite direetion toward the bile 
ducts. 





































General Histologieal Plan of the Alimentary Canal 

1. The general anatomieal features of the alimentary eanal are listed below. Fill in the table to eomplete the information. 


Wall layer 

Subdivisions of the layer 
(if applieable) 

Major functions 

mucosa 



submucosa 



muscularis externa 



serosa or adventitia 




Organs of the Alimentary Canal 

2. The tubelike digestive system eanal that extends from the mouth to the anus is known as the 

eanal or the_traet. 

3. How is the muscularis externa of the stomaeh modified?_ 


How does this modifieation relate to the function of the stomaeh? 


4. What transition in epithelial type exists at the gastroesophageal junction? 


How do the epithelia of these two organs relate to their speeifie functions? 


5. Differentiate between the eolon and the large intestine. 
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Mateh the items in column B with the deseriptive statements in column A. The items in column B may be used more than onee 


Column A 


Column B 


1. structure that suspends the small intestine from the posterior body wall 


2. fingerlike extensions of the intestinal mucosa that inerease the surface 
area for absorption 


3. large eolleetions of lymphoid tissue found in the submucosa of the small 


intestine 


a. anus 


b. appendix 


e. circular folds 


4. deep folds of the mucosa and submucosa that extend eompletely or 
partially around the circumference of the small intestine 

_ 5. regions that break down foodstuffs meehanieally 

6. mobile organ that manipulates food in the mouth and initiates swallowing 

7. conduit for both air and food 


d. esophagus 

e. frenulum 

f. greater omentum 

g. hard palate 

h. haustra 


_,_8. three structures continuous with and representing 

modifieations of the peritoneum 

9. the “gullet”; no digestive/absorptive function 

10. folds of the gastrie mucosa 

11. poeketlike saes of the large intestine 

12. projeetions of the plasma membrane of a mucosal epithelial eell 

13. valve at the junction of the small and large intestines 

14. primary region of food and water absorption 

15. membrane securing the tongue to the floor of the mouth 

16. absorbs water and forms feees 

17. area between the teeth and lips/eheeks 

18. wormlike sae that outpockets from the cecum 

19. initiates protein digestion 

20. structure attaehed to the lesser curvature of the stomaeh 

21. organ immediately distal to the stomaeh 

22. valve eontrolling food movement from the stomaeh into the duodenum 

23. posterosuperior boundary of the oral eavity 

24. loeation of the hepatopanereatie sphineter through which panereatie 
seeretions and bile pass 

25. serous lining of the abdominal eavity wall 

26. prineipal site for the synthesis of vitamin K by mieroorganisms 

27. region eontaining two sphineters through which feees are expelled from 
the body 

28. bone-supported anterosuperior boundary of the oral eavity 


i. ileoeeeal valve 

j. large intestine 

k. lesser omentum 

l. mesentery 

m. mierovilli 

n. oral eavity 

o. oral vestibule 

p. parietal peritoneum 

q. Peyer’s patehes 

r. pharynx 

s. pylorie valve 

t. rngae 

u. small intestine 

v. soft palate 

w. stomaeh 

x. tongue 

y. villi 

z. viseeral peritoneum 
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7. Correctly identify all organs depieted in the diagram below. 
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8. You have studied the histologie structure of a number of organs in this laboratory. Three of these are diagrammed below. 
Identify and eorreetly label eaeh. 



Aeeessory Digestive Organs 

9. Correctly label all structures provided with leader lines in the diagram of a molar below. (Note: Some of the terms in the key 
for question 10 may be helpful in this task.) 




Bone 


Blood 
vessels 
and nerves 
in pulp 
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10. Use the key to identify eaeh tooth area deseribed below. 


Key: a. anatomieal crown 


1. visible portion of the tooth in situ 


b. eement 


2. material eovering the tooth root 


e. elinieal crown 


3. hardest substance in the body 


d. dentin 


4. attaehes the tooth to bone and surrounding alveolar structures 


e. enamel 


5. portion of the tooth embedded in bone 


f. gingiva 


6. forms the major portion of tooth structure; similar to bone 


g. odontoblast 


7. produces the dentin 


h. periodontal ligament 


8. site of blood vessels, nerves, and lymphaties 


i. pulp 


9. entire portion of the tooth eovered with enamel 


j. root 


11. In the human, the number of deciduous teeth is 


; the number of permanent teeth is 


2,1,2,3 

12. The dental formula for permanent teeth is- X 2 


2,1,2,3 


Explain what this means. 


What is the dental formula for the deciduous teeth? 


X 


13. Which teeth are the “wisdom teeth”? 


14. Various types of glands form a part of the alimentary tube wall or duct their seeretions into it. Mateh the glands listed in 
column B with the function/locations deseribed in column A. 


Column A 


Column B 


1. produce(s) mucus; found in the submucosa of the small intestine 


a. duodenal glands 


2. produce(s) a product eontaining amylase that begins stareh breakdown in the mouth 


b. gastrie glands 


3. produce(s) many enzymes and an alkaline fluid that is seereted into the duodenum 


e. intestinal erypts 


4. produce(s) bile that it seeretes into the duodenum via the bile duct 


d. liver 


5. produce(s) HC1 and pepsinogen 


e. panereas 


6. found in the mucosa of the small intestine; produce(s) intestinal juice 


f. 


salivary glands 


15. Which of the salivary glands produces a seeretion that is mainly serous? 
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16. What is the role of the gallbladder?_ 

17. Name three structures always found in the portal triad regions of the liver. 

_,and_ 

18. Where would you expect to find the stellate maerophages of the liver?_ 

What is their function?_ 

19. Why is the liver so dark red in the living animal?_ 


20. The panereas has two major populations of seeretory eells—those in the islets and the aeinar eells. Which population serves 
the digestive proeess?_ 












MATERIALS 


Digestive System Proeesses 
ehemieal and Physieal 


Part I: Enzyme Aetion 

General Supply Area 

□ Hot plates 

□ 250-ml beakers 

□ Boiling ehips 

□ Test tubes and test tube raek 

□ Wax markers 

□ Water bath set at 37°C (if not 
available, incubate at room 
temperature and double the time) 

□ lee vvater bath 

□ Chart on board for reeording elass 
results 

Aetivity 1: Stareh Digestion 

□ Dropper bottle of distilled vvater 

□ Dropper bottles of the follovving: 

1 % alpha-amylase solution* 

1% boiled stareh solution, freshly 
prepared + 

1 % maltose solution 
Lugol's iodine solution (IKI) 

Benediet's solution 

□ Spot plate 

Aetivity 2: Protein Digestion 

□ Dropper bottles of 1 % trypsin and 
0.01% BAPNA solution 

The alpha-amylase must be a low-maltose 
preparation for good results. 

T Prepare by adding 1 g stareh to 100 ml 
distilled water; boil and eool; add a pineh of 
salt (NaCl). Prepare fresh daily. 

(Text continues on next page.) 


M' 




MasteringA&P @ For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you vvill find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 




OBJEOTIVES 

1. List the digestive system enzymes involved in the digestion of proteins, 
fats, and earbohydrates; state their site of origin; and summarize the 
eonditions promoting their optimal functioning. 

2. Name the end products of protein, fat, and earbohydrate digestion. 

3. Define enzyme, eatalyst, eontrol, substrate, and hydrolase. 

4. Deseribe the different types of enzyme assays, and the appropriate 
ehemieal tests to determine if digestion of a particular foodstuff has 
occurred. 




5. Discuss the role of temperature and pH in the regulation of enzyme aetivity. 

6. State the function of bile in the digestive proeess. 

7. Explain vvhy svvallovving is both a voluntary and a reflex aetivity, and discuss 
the role of the tongue, larynx, and gastroesophageal sphineter in svvallovving. 

8. Compare and eontrast segmentation and peristaIsis as meehanisms of 
mixing and propulsion in digestive traet organs. 


PRE-LAB Q U I Z 

1. Circle the eorreet underlined term. Enzymes are eatalvsts / substrates that 
inerease the rate of ehemieal reaetions without beeoming a part of the 
product. 

2. Circle True or False. Breakdown products of fats are absorbed by the lymphatie 
system and are then transported into the systemie circulation by lymph. 

3. A(n)_is a speeimen or standard against which all 

experimental samples are eompared. 

a. assay b. eontrol e. substrate d. trial 

4. One enzyme that you will be studying today, produced by the salivary 
glands and seereted into the mouth, hydrolyzes stareh to maltose. It is 


5. Circle True or False. When you use iodine to test for stareh, a eolor ehange 
to blue-black indieates a positive stareh test. 

6. If Benediet's test in the stareh assay produces a_preeipitate, 

then your test will be reeorded as positive for maltose. 

a. blue to blaek b. green to orange e. white 

7. The enzyme_, produced by the panereas, is responsible for 

breaking down proteins. 

a. amylase b. kinase e. lipase d. trypsin 

8. Circle the eorreet underlined term. The enzyme panereatie lipase / pepsin 
hydrolyzes neutral fats to their eomponent monoglyeerides and fatty aeids. 

9. Circle True or False. Both smooth and skeletal muscles are involved in the 
propulsion of foodstuffs along the alimentray eanal. 

10._movements are loeal eontraetions that mix foodstuffs with 

digestive juices and inerease the rate of absorption. 

a. Deglutition b. Elimination e. Peristaltie d. Segmental 
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Exercise 39 


(Materials list continued.) 

Aetivity 3: Bile Aetion and Fat Digestion 

□ Dropper bottles of 1% panereatin 
solution, litmiis eream (fresh eream to 
vvhieh povvdered litmus is added to 
aehieve a deep blue eolor), 0.1 /V HCI, 
and vegetable oil 

□ Bile salts (sodium taurocholate) 

□ Parafilm® (small squares to eover the 
test tubes) 


Part II: Physieal Proeesses Aetivity 6: Video Vievving 

Aetivity 5: Observing Digestive Movements □ Television and VCR or DVD player 


□ 

VVater piteher 

for independent vievving of video by 

□ 

Paper cups 

student 

□ 

Stethoseope 

□ interaetive Physiology®, Digestive 

□ 

Aleohol swab 

System 

□ 

Disposable autoclave bag 

PhysioEx™9.1 Computer Simulation 

□ 

VVateh, eloek, or timer 

Ex. 8 on p. PEx-119 


T he food we eat must be proeessed so that its nutri- 

ents ean reaeh the eells of our body. First the food is 
meehanieally broken down into small partieles, and 
then the partieles are ehemieally (enzymatieally) digested 
into the molecules that ean be absorbed. Food digestion is 
a prerequisite to food absorption. (You have already studied 
meehanisms of passive and aetive absorption in Exercise 5 
and/or PhysioEx Exercise 1. Before proeeeding, review that 
material.) 


Digestion of Foodstuffs: 
Enzymatie Aetion 


Enzymes are large protein molecules produced by body eells. 
They are biologieal eatalysts, meaning that they inerease the 
rate of a ehemieal reaetion without themselves beeoming 
part of the product. The digestive enzymes are hydrolytie 
enzymes, or hydrolases. Their substrates, or the molecules 
on which they aet, are organie food molecules which they 
break down by adding water to the molecular bonds, thus 
eleaving the bonds between the ehemieal building bloeks, or 
monomers. 

The various hydrolytie enzymes are highly speeifie in 
their aetion. Eaeh enzyme hydrolyzes only one or a small 
group of substrate molecules, and speeifie environmental 
eonditions are neeessary for it to function optimally. Sinee 
digestive enzymes actually function outside the body eells in 
the digestive traet, their hydrolytie aetivity ean also be studied 
in a test tube. Such a study provides a eonvenient laboratory 
setting for investigating the effeet of such ehanges in environ- 
mental eonditions on enzymatie aetivity. 

See the flowchart (Figure 39.1) of the progressive 
digestion of earbohydrates, proteins, fats, and nucleic aeids. 
It summarizes the speeifie enzymes involved, their site of 
formation, and their site of aetion. Acquaint yourself with the 
flowchart before beginning this experiment, and refer to it as 
neeessary during the laboratory session. 


General instmetions for Aetivities 1-3 

Work in groups of four, with eaeh group taking responsibility 
for setting up and conducting one of the following experi- 
ments. In eaeh of the digestive procedures being studied and 
in the amylase assay, you are direeted to boil the eontents of 
one or more test tubes. To do this, obtain a 250-ml beaker, 
boiling ehips, and a hot plate from the general supply area. 
Plaee a few boiling ehips into the beaker, add about 125 ml of 


water, and bring to a boil. Plaee the test tube for eaeh speei- 
men in the water for the number of minutes speeified in the 
direetions. You will also be using a 37°C bath and an iee water 
bath for parts of these experiments. You will need to use your 
time very effieiently in order to set up and perform eaeh test 
properly. 

Upon eompletion of the experiments, eaeh group should 
communicate its results to the rest of the elass by reeording 
them in a ehart on the board. Eaeh assay eontains one or more 
eontrols, the speeimens against which experimental samples 
are eompared. All members of the elass should observe the 
eontrols as well as the experimental results. Additionally, all 
members of the elass should be able to explain the tests used 
and the results observed and antieipated for eaeh experiment. 
Note that water baths and hot plates are at the general supply 
area. 


A C T I V I T Y 1 


Assessing Stareh Digestion 
by Salivary Amylase 

1. From the general supply area, obtain a test tube raek, 
10 test tubes, and a wax marking peneil. From the Aetivity 
1 supply area, obtain a dropper bottle of distilled water and 
dropper bottles of maltose, amylase, and stareh solutions. 

2. In this experiment you will investigate the hydrolysis of 
stareh to maltose by salivary amylase. You will need to be 
able to identify the presenee of stareh and maltose, the break- 
down product of stareh, to determine to what extent the enzy- 
matie aetivity has occurred. Thus eontrols must be prepared 
to provide a known standard against which eomparisons ean 
be made. Stareh deereases and sugar inereases as digestion 
occurs, aeeording to the following formula: 

amylase 

Stareh + water->-maltose 

Two students should prepare the eontrols (tubes 1A to 3A) 
while the other two prepare the experimental samples (tubes 
4A to 6A). 

• Mark eaeh tube with a wax peneil and load the tubes as 
indieated in the Salivary Amylase ehart (page 598), using 
3 drops (gtt) of eaeh indieated substance. 

• Plaee all tubes in a raek in the 37°C water bath for 
approximately 1 hour. Shake the raek gently from time to 
time to keep the eontents evenly mixed. 
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Carbohydrate - 
digestion 


Protein - 
digestion 


Fat- 

digestion 


Nucleic aeid — 
digestion 


Foodstuff Enzyme(s) and source Site of aetion Path of absorption 


Stareh and disaeeharides 




t 

Oligosaeeharides 
and disaeeharides 




t 

Laetose Maltose Sucrose 

Galaetose Glucose Fructose 


Salivary amylase 


Panereatie 

amylase 




Brush border 
enzymes in 
small intestine 
(dextrinase, gluco- 
amylase, laetase, 
maltase, and sucrase) 


jy«4/ 


Mouth 


Small 

intestine 


Small 

intestine 


• Glucose and galaetose are absorbed 
via eotransport with sodium ions. 

• Fmetose passes via faeilitated 
diffusion. 

• All monosaeeharides leave the 
epithelial eells via faeilitated diffusion, 
enter the eapillary blood in the 

villi, and are transported to the liver 
via the hepatie portal vein. 


Proteins 

T 

Large polypeptides 


Pepsin 

(stomaeh glands) 
in presenee 
of HCI 



Stomaeh 


t 

Small polypeptides, 
small peptides 


Panereatie 
enzymes (trypsin, 
ehymotrypsin, 
carboxypeptidase) 



Small 

intestine 


f 

Amino aeids 
(some dipeptides 
and tripeptides) 


Brush border 
enzymes 
(aminopeptidase, 
carboxypeptidase, 
and dipeptidase) 



Small 

intestine 


• Amino aeids are absorbed via 
eotransport with sodium ions. 

• Some dipeptides and tripeptides are 
absorbed via eotransport with H + and 
hydrolyzed to amino aeids within the 
eells. 

• lnfrequently, transeytosis of small 
peptides occurs. 

• Amino aeids leave the epithelial eells 
by faeilitated diffusion, enter the 
eapillary blood in the villi, and are 
transported to the liver via the 
hepatie portal vein. 


Unemulsified triglyeerides 

< -— Lingual lipase 



Mouth 



Gastrie lipase 



Stomaeh 


Emulsification by 
the detergent 
aetion of bile 
salts ducted 
in from the liver 



Small 

intestine 


▼ 

Monoglyeerides (or diglyeerides 
with gastrie lipase) and fatty aeids 


Panereatie 

lipases 



Small 

intestine 


• Fatty aeids and monoglyeerides 
enter the intestinal eells via diffusion. 

• Fatty aeids and monoglyeerides are 
reeombined to form triglyeerides and 
then eombined with other lipids and 
proteins within the eells. The 
resulting ehylomierons are extruded 
by exocytosis. 

• The ehylomierons enter the laeteals 
of the villi and are transported to the 
systemie circulation via the lymph in 
the thoraeie duct. 

• Some short-ehain fatty aeids are 
absorbed, move into the eapillary 
blood in the villi by diffusion, and are 
transported to the liver via the 
hepatie portal vein. 


Nucleic aeids 


t 

Pentose sugars, 
N-eontaining bases, 
phosphate ions 


Panereatie ribo- 
nuclease and 
deoxyribonuclease 



Brush border 
enzymes 
(nucleosidases 
and phosphatases) 



• Units enter intestinal eells by aetive 
Small transport via membrane earriers. 

intestine * Units are absorbed into eapillary 

blood in the villi and transported to 
the liver via the hepatie portal vein. 

Small 

intestine 


Figure 39.1 Flovvehart of digestion and absorption of foodstuffs. 
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Exercise 39 


Salivary Amylase Digestion of Stareh 


Tube no. 


1A 


2A 


3A 


4A 


5A 


6A 




Additives 
(3 gtt ea) 






lncubation 

eondition 


37°C 


37°C 


37°C 


37°C 


IKI test 


(eolor ehange) 


Positive (+) or 
negative (-) 
result 


Benediet's 

test 

(eolor ehange) 


Positive (+) or 
negative (-) 
result 


Boil amylase 
4 min, then 

add stareh 

- > 




Additive key: 


| | = Amylase 


= Stareh 


= Maltose 


= Water 



At the end of the hour, perform the amylase assay 
deseribed below. 


• While these tubes are incubating, proeeed to Physieal 
Proeesses: Meehanisms of Food Propulsion and Mixing 
(page 602). Be sure to monitor the time so as to eomplete this 
aetivity as needed. 


Amylase Assay 

1. After one hour, obtain a spot plate and dropper bottles 
of Lugol’s iodine solution (for the IKI, or iodine, test) and 
Benediet’s solution from the Aetivity 1 supply area. Set up 
your boiling water bath using a hot plate, boiling ehips, and a 
250-ml beaker obtained from the general supply area. 

2. While the water is heating, mark six depressions of the 
spot plate 1A-6A (A for amylase) for sample identifieation. 

3. Pour about a drop of the sample from eaeh of the tubes 
1A-6A into the appropriately numbered spot. Into eaeh sam- 
ple droplet, plaee a drop of Lugol’s iodine (IKI) solution. 
A blue-black eolor indieates the presenee of stareh and is 
referred to as a positive stareh test. If stareh is not present, 
the mixture will not turn blue, which is referred to as a nega- 
tive stareh test. Reeord your results (+ for positive, - for 
negative) in the Salivary Amylase ehart and on the board. 


4. Into the remaining mixture in eaeh tube, plaee 3 drops 
of Benediet’s solution. Put eaeh tube into the beaker of boil- 
ing water for about 5 minutes. If a green-to-orange preeipi- 
tate forms, maltose is present; this is a positive sugar test. 
A negative sugar test is indieated by no eolor ehange. 
Reeord your results in the Salivary Amylase ehart and on the 
board. H 


Protein Digestion by Trypsin 

Trypsin, an enzyme produced by the panereas, hydrolyzes 
proteins to small peptides. BAPNA (A-alpha-benzoyl-L- 
arginine-p-nitroanilide) is a synthetie trypsin substrate eon- 
sisting of a dye eovalently bound to an amino aeid. Trypsin 
hydrolysis of BAPNA eleaves the dye molecule from the 
amino aeid, causing the solution to ehange from eolorless 
to bright yellow. Sinee the eovalent bond between the dye 
molecule and the amino aeid is the same as the peptide 
bonds that link amino aeids together, the appearanee of 
a yellow eolor indieates the presenee and aetivity of an 
enzyme that is eapable of peptide bond hydrolysis. The 
eolor ehange from elear to yellow is direet evidenee of 
hydrolysis, so additional tests are not required when deter- 
mining trypsin aetivity using BAPNA. 
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Trypsin Digestion of Protein 



Additive key: 



= Trypsin 


= BAPNA 


= VVater 


A C T I V I T Y 2 


Assessing Protein Digestion by Trypsin 

1. From the general supply area, obtain five test tubes and 
a test tube raek, and from the Aetivity 2 supply area get 
a dropper bottle of trypsin and one of BAPNA and bring them 
to your beneh. 

2. Two students should prepare the eontrols (tubes 1T and 
2T) while the other two prepare the experimental samples 
(tubes 3T to 5T). 

• Mark eaeh tube with a wax peneil and load the tubes 
as indieated in the Trypsin ehart, using 3 drops (gtt) of eaeh 
indieated substance. 

• Plaee all tubes in a raek in the appropriate water bath for 
approximately 1 hour. Shake the raek oeeasionally to keep the 
eontents well mixed. 

• At the end of the hour, examine the tubes for the results 
of the trypsin assay (detailed below). 

• While these tubes are incubating, proeeed to Physieal 
Proeesses: Meehanisms of Food Propulsion and Mixing 
(page 602). 

Trypsin Assay 

Sinee BAPNA is a synthetie color-producing substrate, the 
presenee of yellow eolor indieates a positive hydrolysis test; 
the dye molecule has been eleaved from the amino aeid. If 
the sample mixture remains elear, a negative hydrolysis test 
has occurred. 

Reeord the results in the Trypsin ehart and on the board. H 



Panereatie Lipase Digestion 
of Fats and the Aetion of Bile 


The treatment that fats and oils go through during diges- 
tion in the small intestine is a bit more eomplieated than 
that of earbohydrates or proteins—pretreatment with bile to 
physieally emulsify the fats is required. Henee, two sets of Á 
reaetions occur. I 


First: 


bile 


Fats/oils (enmisifìeation) > m inute fat/oil droplets 


Then: 


11 QP 

Fat/oil droplets (di ges tion) >m Q n Qglycerides and fatty aeids 

The term panereatin deseribes the enzymatie product of 
the panereas, which includes enzymes that digest proteins, ear- 
bohydrates, nucleic aeids, and fats. It is used here to investigate 
the properties of panereatie lipase, which hydrolyzes fats and 
oils to their eomponent monoglyeerides and two fatty aeids. 

Sinee fatty aeids are organie aeids, they aeidify solutions, 
deereasing the pH. An easy way to reeognize that digestion 
is ongoing or eompleted is to test pH. You will be using a pH 
indieator ealled litmus blue to follow these ehanges; it ehanges 
from blue to pink as the test tube eontents beeome aeidie. 



A C T I V I T Y 3 


Demonstratíng the Emulsification Aetion of 
Bile and Assessing Fat Digestion by Lipase 

1. From the general supply area, obtain nine test tubes and a 
test tube raek, plus one dropper bottle of eaeh of the solutions 
in the Aetivity 3 supply area. 
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Exercise 39 


Panereatie Lipase Digestion of Fats 


Tube no. 


1L 


2L 


3L 


4L 


5L 


4B 


5B 



Additives 
(5 gtt ea) 



lncubation 

eondition 


37°C 


37°C 


37°C 


Color ehange 


Positive (+) or 
negative (-) 
result 


Boil lipase 

4 min, then 

add litmiis 

eream. 

■- > 



Additive key: 


= Lipase 


= Litmus eream 


= Water 



Pineh bile salts 


2. Although bile, a seeretory product of the liver, is not an 
enzyme, it is important to fat digestion because of its emulsi- 
fying aetion. It physieally breaks down large fat partieles into 
smaller ones. Emulsified fats provide a larger surface area 
for enzymatie aetivity. To demonstrate the aetion of bile on 
fats, prepare two test tubes and mark them 1E and 2E (E for 
emulsified fats). 

• To tube 1E, add 10 drops of water and 2 drops of vege- 
table oil. 

• To tube 2E, add 10 drops of water, 2 drops of vegetable 
oil, and a pineh of bile salts. 

• Cover eaeh tube with a small square of Parafilm, shake vig- 
orously, and allow the tubes to stand at room temperature. 

After 10 to 15 minutes, observe both tubes. If emulsification 
has not occurred, the oil will be floating on the surface of the 
water. If emulsification has occurred, the fat droplets will be 
suspended throughout the water, forming an emulsion. 

In which tube has emulsification occurred?_ 

3. Two students should prepare the eontrols (1L and 2L, L 
for lipase), while the other two students in the group set up 
the experimental samples (3L to 5L, 4B, and 5B, where B is 
for bile) as illustrated in the Panereatie Lipase ehart. 

• Mark eaeh tube with a wax peneil and load the tubes us- 
ing 5 drops (gtt) of eaeh indieated solution. 

• Plaee a pineh of bile salts in tubes 4B and 5B. 


• Cover eaeh tube with a small square of Parafilm, and 
shake to mix the eontents of the tube. 

• Remove the Parafilm, and plaee all tubes in a raek in the 
appropriate water bath for approximately 1 hour. Shake 
the test tube raek from time to time to keep the eontents 
well mixed. 

• At the end of the hour, perform the lipase assay below. 

• While these tubes are incubating, proeeed to Physieal 
Proeesses: Meehanisms of Food Propulsion and Mixing 
(p. 602). Be sure to monitor the time so as to eomplete 
this aetivity when needed. 

Lipase Assay 

Fresh eream provides the fat substrate for this assay; add 
litmus powder to it to make litmus eream. The basis of this 
assay is a pH ehange that is deteeted by the litmus powder 
indieator. Alkaline or neutral solutions eontaining litmus are 
blue but will turn reddish in the presenee of aeid. If digestion 
occurs, the fatty aeids produced will turn the litmus eream 
from blue to pink. Because the effeet of hydrolysis is direetly 
seen, additional assay reagents are not neeessary. 

1. To prepare a eolor eontrol, add 0.1 N HC1 drop by drop to 
tubes 1L and 2L (eovering the tubes with a square of Parafilm 
after eaeh addition and shaking to mix) until the eream turns 
pink. 

2. Reeord the eolor of the tubes in the Panereatie Lipase 
ehart and on the board. H 
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A C T I V I T Y 4 


Reporting Resiilts and Conclusions 

1. Share your results with the elass as direeted in the General 
instmetions (page 596). 

2. Suggest additional experiments, and earry out experi- 
ments if time permits. 



3. Prepare a lab report for the experiments on digestion. (See 
Getting Started on page xiv.) H 


GROUP GHALLENGE 


Odd Enzyme Out 

The following boxes eaeh eontain four digestive enzymes. 
One of the listed enzymes does not share a eharaeteristie 
that the other three do. Circle the enzyme that doesn’t 
belong with the others and explain why it is singled out. 


What eharaeteristie is it missing? Sometimes there may 
be multiple reasons why the enzyme doesn’t belong with 
the others. Include as many as you ean think of but make 
sure it does not have the key eharaeteristie. 


1. Which is the "odd enzyme"? 

Why is it the odd one out? 

Trypsin 

Carboxypeptidase 

Pepsin 

ehymotrypsin 


2. Which is the "odd enzyme"? 

Why is it the odd one out? 

Laetase 

Pepsin 

Aminopeptidase 

Trypsin 


3. Which is the "odd enzyme"? 

Why is it the odd one out? 

Maltase 

Panereatie lipase 

Nucleosidase 

Dipeptidase 


4. Which is the "odd enzyme"? 

Why is it the odd one out? 

Sucrase 

Dextrinase 

Glucoamylase 

ehymotrypsin 
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Exercise 39 


Bolus of food 


Tongue 


Pharynx 
Epiglottis 


Glottis 


Traehea 



0 During the buccal phase, the upper 
esophageal sphineter is eontraeted.The 
tongue presses against the hard palate, 
foreing the food bolus into the 
oropharynx. 




Esophagus 


Uvula 


Bolus 


Epiglottis 



@ The pharyngeal-esophageal 
phase begins as the uvula and larynx 
rise to prevent food from entering 
respiratory passageways. The tongue 
bloeks off the mouth. The upper 
esophageal sphineter relaxes, 
allowing food to enter the esophagus. 



-Bolus 

@ The eonstrietor muscles of the 
pharynx eontraet, foreing food into 
the esophagus inferiorly. The upper 
esophageal sphineter eontraets 
(eloses) after food enters. 


Figure 39.2 Swallowing. The proeess of swallowing eonsists of voluntary (buccal) 
(step0) and involuntary (pharyngeal-esophageal) phases (steps@-@). 


Physieal Proeesses: 

Meehanisms of Food 
Propulsion and Mixing 

Although enzyme aetivity is a very important part of the over- 
all digestion proeess, foods must also be proeessed physieally 
(by ehevving and churning) and moved by meehanieal means 
along the traet if digestion and absorption are to be eom- 
pleted. Muscles are involved in producing the movements of 
foodstuffs along the gastrointestinal traet. Although we tend 
to think only of smooth muscles when viseeral aetivities are 
involved, both skeletal and smooth muscles are involved in 
the physieal proeesses. This faet is amply demonstrated by 
the simple aetivities that follow. 

Deglutition (Swallowing) 

Swallowing, or deglutition, which is largely the result of 
skeletal muscle aetivity, occurs in two phases: buccal (mouth) 
and pharyngeal-esophageal. The buccal phase (Figure 39.2 
step @) is voluntarily eontrolled and initiated by the tongue. 
Onee begun, the proeess continues involuntarily in the phar- 
ynx and esophagus through peristalsis, resulting in the deliv- 
ery of the swallowed eontents to the stomaeh (Figure 39.2 
steps@-@). 


AOTIVITY 5 


Observing Movements 

and Sounds of the Digestive System 

1. Obtain a piteher of water, a stethoseope, a paper cup, an 
aleohol swab, and an autoclave bag in preparation for making 
the following observations. 


2. While swallowing a mouthful of water, consciously note 
the movement of your tongue during the proeess. Reeord your 
observations. 


3. Repeat the swallowing proeess while your laboratory 
partner watches the externally visible movements of your lar- 
ynx. (This movement is more obvious in a male, sinee males 
have a larger Adam’s apple.) Reeord your observations. 


What do these movements aeeomplish? 


4. Before donning the stethoseope, your lab partner should 
elean the earpieees with an aleohol swab. Then, he or 
she should plaee the diaphragm of the stethoseope over 
your abdominal wall, approximately 2.5 em (1 ineh) below 
the xiphoid proeess and slightly to the left, to listen for 
sounds as you again take two or three swallows of water. 
There should be two audible sounds—one when the water 
splashes against the gastroesophageal sphineter and the 
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From 

mouth 




seeond when the peristaltie wave of the esophagus arrives 
at the sphineter and the sphineter opens, allowing water 
to gurgle into the stomaeh. Determine, as accurately as 
possible, the time interval between these two sounds and 
reeord it below. 

Interval between arrival of water at the sphineter and the 

opening of the sphineter:_see 

This interval gives a fair indieation of the time it takes for the 
peristaltie wave to travel down the 25 em (10 inehes) of the 
esophagus. (Actually the time interval is slightly less than it 
seems, because pressure causes the sphineter to relax before 
the peristaltie wave reaehes it.) 

| Dispose of the used paper cup in the autoclave bag. ■■ 


(b) 

Figure 39.3 Peristaltie and segmental movements of 
the digestive traet. (a) Peristalsis: neighboring segments 
of the íntestine alternately eontraet and relax f moving 
food along the traet. (b) Segmentation: single segments 
of intestine alternately eontraet and relax. Because 
inaetive segments exist betvveen aetive segments, food 
mixing occurs to a greater degree than food movement. 
PeristaIsis is superimposed on segmentation movements. 




Segmentation and Peristalsis 

Although several types of movements occur in the digestive 
traet organs, peristalsis and segmentation are most important 
as mixing and propulsive meehanisms (Figiire 39.3). 

Peristaltie movements are the major means of propel- 
ling food through most of the digestive viseera. Essentially 
they are waves of eontraetion followed by waves of relaxation 
that squeeze foodstuffs through the alimentary eanal, and they 
are superimposed on segmental movements. 

Segmental movements are loeal eonstrietions of the 
organ wall that occur rhythmieally. They serve mainly to mix 
the foodstuffs with digestive juices and to inerease the rate 
of absorption by continually moving different portions of the 
ehyme over adjaeent regions of the intestinal wall. However, 
segmentation is also an important means of food propul- 
sion in the small intestine, and slow segmenting movements 
ealled haustral eontraetions are frequently seen in the large 
intestine. 


AOTIVITY 6 


Viewing Segmental 
and Peristaltie Movements 

If a video showing some of the propulsive movements is 
available, go to a viewing station to view it before leaving 
the laboratory. Alternatively, use the interaetive Physi- 
ology® module on the Digestive System to observe gut 
motility. M 
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Digestion of Foodstuffs: Enzymatie Aetion 


1. Mateh the following definitions with the proper ehoiees from the key. 


Key: a. eatalyst 


b. eontrol 


e. enzyme 


d. substrate 


1. substance on which a eatalyst works 

2. biologie eatalyst; protein in nature 

3. inereases the rate of a ehemieal reaetion without beeoming part of the product 

4. provides a standard of eomparison for test results 


2. List the three eharaeteristies of enzymes. 





3. The enzymes of the digestive system are elassified as hydrolases. What does this mean? 


4 . Fill in the following ehart about the various digestive system enzymes encountered in this exercise. 


Enzyme 

Organ producing it 

Site of aetion 

Substrate(s) 

Optimal pH 

Salivary amylase 





Trypsin 





Lipase (panereatie) 






5. Name the end products of digestion for the following types of foods. 

proteins:_earbohydrates: 

fats: and 
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Revievv Sheet 39 


6. You used several indieators or tests in the laboratory to determine the presenee or absenee of eertain substances. Choose 
the eorreet test or indieator from the key to eorrespond to the eondition deseribed below. 

Key: a. Lugol’s iodine (IKI) b. Benediet’s solution e. litmus d. BAPNA 

_1. used to test for protein hydrolysis, which was indieated by a yellow eolor 

_2. used to test for the presenee of stareh, which was indieated by a blue-black eolor 

_3. used to test for the presenee of fatty aeids, which was evideneed by a eolor ehange from blue to pink 

_4. used to test for the presenee of reducing sugars (maltose, sucrose, glucose) as indieated by a blue to 

green or orange eolor ehange 

7. What conclusions ean you draw when an experimental sample gives both a positive stareh test and a positive maltose test 

after incubation?_ 

Why was 37°C the optimal inenbation temperatiire?_ 

Why did very little, if any, stareh digestion occur in test tnbe 4A?_ 


When stareh was incubated with amylase at 0°C, did you see any stareh digestion? 
Why or why not?_ 


Assume you have made the statement to a group of your peers that amylase is eapable of stareh hydrolysis to maltose. If you 
had not done eontrol tube 1A, what objeetion to yonr statement could be raised?_ 


What if you had not done tube 2A?_ 

8. In the exercise eoneerning trypsin function, why was an enzyme assay like Benediet’s or Lugol’s iodine (IKI), which test 

for the presenee of a reaetion product, not neeessary?_ 

Why was tube 1T neeessary?_ 

Why was tube 2T neeessary?_ 

Trypsin is a protease similar to pepsin, the protein-digesting enzyme in the stomaeh. Would trypsin work well in the 

stomaeh?_Why?_ 

9. In the procedure eoneerning panereatie lipase digestion of fats and the aetion of bile salts, how did the appearanee of tubes 

1E and 2E differ?_ 


Explain the reason for the differenee. 
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Why did the litmus indieator ehange from blue to pink during fat hydrolysis? 


Why is bile not eonsidered an enzyme?_ 

How did the tubes eontaining bile eompare with those not eontaining bile? 
What role does bile play in fat digestion?_ 


10 . The three-dimensional structure of a functional protein is altered by intense heat or nonphysiologieal pH even though peptide 
bonds may not break. Such inaetivation is ealled denaturation, and denatured enzymes are nonfunctional. Explain why. 


What speeifie experimental eonditions resulted in denatured enzymes? 


11 . Panereatie and intestinal enzymes operate optimally at a pH that is slightly alkaline, yet the ehyme entering the duodenum 
from the stomaeh is very aeid. How is the proper pH for the functioning of the panereatie-intestinal enzymes ensured? 


12 . Assume you have been chewing a pieee of bread for 5 or 6 minutes. How would you expect its taste to ehange during this 
interval?_ 

Why?_ 


13 . Note the meehanism of absorption (passive or aetive transport) of the following food breakdown products, and indieate by a 
eheek mark {/) whether the absorption would result in their movement into the blood eapillaries or the lymphatie eapillaries 
(laeteals). 


Substance 

Meehanism of absorption 

Blood 

Lymph 

Monosaeeharides 




Fatty aeids and monoglyeerides 




Amino aeids 




Water 




Na + , Cr, Ca 2+ 





14 . People on a striet diet to lose weight begin to metabolize stored fats at an aeeelerated rate. How does this eondition affeet 


blood pH? 
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15. Using a flowchart, traee the pathway of a ham sandwich (ham = 
of absorption of its breakdown products, noting where digestion 


protein and fat; bread = 
occurs and what speeifie 


stareh) from the mouth to the site 
enzymes are involved. 


16. Some of the digestive organs have groups of seeretory eells that liberate hormones into the blood. These exert an effeet on 
the digestive proeess by aeting on other eells or structures and causing them to release digestive enzymes, expel bile, or 
inerease the motility of the digestive traet. For eaeh hormone below, note the organ producing the hormone and its effeets 
on the digestive proeess. Include the target organs affeeted. 


Hormone 

Produced by 

Target organ(s) and effeets 

Seeretin 



Gastrin 



Cholecystokinin 




Physieal Proeesses: Meehanisms of Food Propulsion and Mixing 

17. Complete the following statements. 

Swallowing, or 1 , occurs in two phases—the 2 and 3 . 

One of these phases, the 4 phase, is voluntary. During the 
voluntary phase, the 5 is used to push the food into the baek 
of the throat. During swallowing, the 6 rises to ensure that its 
passageway is eovered by the epiglottis so that the ingested 
substances don’t enter the respiratory passageways. It is possible to 
swallow water while standing on your head because the water 
is earried along the esophagus involuntarily by the proeess of 
7 . The pressure exerted by the foodstuffs on the 8 sphineter 
causes it to open, allowing the foodstuffs to enter the stomaeh. 

The two major types of propulsive movements that occur in 
the small intestine are 9 and 10 . One of these movements, 

11 , aets to continually mix the foods and to inerease the 
absorption rate by moving different parts of the ehyme mass over 
the intestinal mucosa, but it has less of a role in moving foods 
along the digestive traet. 


9. 

10 . 

11 . 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 































MATERIALS 


Anatomy of the 
Llrinary System 






OBJEGTIVES 


□ Human disseetible torso model, three- 
dimensional model of the urinary 
system, and/or anatomieal ehart of the 
human urinary system 

□ Disseeting instruments and tray 

□ Pig or sheep kidney, doubly or triply 
injeeted 

□ Disposable gloves 

□ Three-dimensional models of the cut 
kidney and of a nephron (if available) 

□ Compound mieroseope 

□ Prepared slides of a longitudinal 
seetion of kidney and eross seetions 
of the bladder 

For instructions on animal dissee- 
tions, see the disseetion exercises 

(starting on page 697) in the eat and fetal 

pig editions of this manual. 



1 

2 


3 

4 


5 

6 
7 


8 


9 


List the functions of the urinary system. 

Identify, on a model or image, the urinary system organs and state the 
general function of eaeh. 

Compare the course and length of the urethra in males and females. 

Identify these regions of the disseeted kidney (longitudinal seetion): 
hilum, cortex, medulla, medullary pyramids, major and minor ealyees, 
pelvis, renal columns, and fibrous and perirenal fat capsules. 

Traee the blood supply of the kidney from the renal artery to the renal vein 

Define nephron, and deseribe its anatomy. 

Define glomemlar filtration, tubular reabsorption, and tubular seeretion, 
and indieate the nephron areas involved in these proeesses. 

Define micturition, and explain the differenees in the eontrol of the 
internal and external urethral sphineters. 

Reeognize the histologie structure of the kidney and ureter mieroseopieally 
or in an image. 



x 



P R E - L A 



Q U I Z 


: 




MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you vvill find: 

• Praetiee Anatomy Lab PAL 


PEx 




PhysioEx 

A&PFIix 


Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 


J 


1. Circle the eorreet underlined term. In its excretory role, the urinary system 
is primarily eoneerned vvith the removal of earbon-eontaining / nitroqenous 
vvastes from the body. 

2. The 


perform(s) the excretory and homeostatie functions of the 


urinary system. 

a. kidneys 

b. ureters 


e. urinary bladder 
d. all of the above 


3. Circle the eorreet underlined term. The cortex / medulla of the kidney is 
segregated into triangular regions vvith a striped appearanee. 

4. Circle the eorreet underlined term. As the renal artery approaehes a kidney, 

it is divided into branehes knovvn as the segmental arteries / afferent arterioles. 

5. What do vve eall the anatomieal units responsible for the formation of 

urine?_ 

6. This knot of eoiled eapillaries, found in the kidneys, forms the filtrate. It is the 


a. arteriole 

b. glomerulus 


e. podoeyte 
d. tubule 


7. The seetion of the renal tubule elosest to the glomemlar capsule is the 


a. eolleeting duct 

b. distal convoluted tubule 


e. nephron loop 

d. proximal convoluted tubule 


8. Circle the eorreet underlined term. The afferent / efferent arteriole drains 
the glomerular eapillary bed. 

9. Circle True or False. During tubular reabsorption, eomponents of the filtrate 
move from the bloodstream into the tubule. 

10. Circle the eorreet underlined term. The internal / external urethral sphineter 
eonsists of skeletal muscle and is voluntarily eontrolled. 
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Exercise 40 


M etabolism of nutrients by the body produces wastes 

including earbon dioxide, nitrogenous wastes, 
and ammonia that must be eliminated from the 
body if normal function is to continue. Excretory proeesses 
involve multiple organ systems, with the urinary system 


primarily responsible for the removal of nitrogenous wastes 
from the body. In addition to this excretory function, the kid- 
ney maintains the eleetrolyte, aeid-base, and fluid balanees 
of the blood and is thus a major, if not the major, homeostatie 
organ of the body. 


Hepatie veins (cut) 
Inferior vena eava 

Esophagus (cut) 

Adrenal gland 

Renal artery 
Renal hilum 
Renal vein 

Aorta 

Kidney 


lliae erest 


llreter 



Rectum (cut) 

Uterus (part 
of female 
reproductive 
system) 


Llrinary 

bladder 

Llrethra 


12th rib 





Anterior 


Peritoneum 



Renal 

vein 


Renal 

artery 


Kidney 


Body of 
vertebra L 2 

Body wall 


Peritoneal eavity 
(organs removed) 



Inferior 
vena eava 


Aorta 


Supportive 
tissue layers 

• Renal faseia 
anterior 
posterior 


Perirenal 
fat capsule 

Fibrous 

capsule 


Posterior 



Figure 40.1 Organs of the urinary system. (a) Anterior vievv of the female urinary 
organs. Most unrelated abdominal organs have been removed. (b) Posterior in situ 
vievv shovving the position of the kidneys relative to the tvvelfth ribs. (e) Cross seetion 
of the abdomen vievved from inferior direetion. Note the retroperitoneal position 
and supportive tissue layers of the kidneys. 
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Peritoneum 



Llreter 


Rugae 




Detrusor 


Adventitia 
Llreterie orifiees 


Trigone of bladder 


Bladder neek 


Internal urethral 
sphineter 

Prostate 

Prostatie urethra 


Intermediate part of the urethra 

External urethral 
sphineter 

Llrogenital diaphragm 



Llrethra 


External urethral 
orifiee 



(b) 


Figure 40.2 Detailed structure of the urinary bladder, urethral sphineters, 
and urethra. The anterior wall of the bladder has been refleeted or omitted 
to reveal the position of the trigone. (a) Male. Note that the long male 
urethra hasthree regions: prostatie, intermediate, and spongy. (b) Female. 


Ereetile tissue 
of penis 





External urethral 
orifiee 


(a) 


To perform its functions, the kidney aets first as a blood 
filter, and then as a filtrate proeessor. It allows toxins, meta- 
bolie wastes, and excess ions to leave the body in the urine, 
while retaining needed substances and returning them to the 
blood. Malfunction of the urinary system, particularly of the 
kidneys, leads to a failure in homeostasis which, unless eor- 
reeted, is fatal. 


Gross Anatomy 

of the Human Llrinary System 

The urinary system (Figure 40.1) eonsists of the paired 
kidneys and ureters and the single urinary bladder and ure- 
thra. The kidneys perform the functions deseribed above and 
manufacture urine in the proeess. The remaining organs of the 
system provide temporary storage reservoirs or transportation 
ehannels for urine. 


A C T I V I T Y 


Identifying llrinary System Organs 

Examine the human torso model, a large anatomieal ehart, or 
a three-dimensional model of the urinary system to loeate and 
study the anatomy and relationships of the urinary organs. 

1. Loeate the paired kidneys on the dorsal body wall in the 
superior lumbar region. Notiee that they are not positioned 
at exactly the same level. Because it is crowded by the liver, 
the right kidney is slightly lower than the left kidney. Three 
layers of support tissue surround eaeh kidney. Beginning with 
the innermost layer they are: (1) a transparent fibrous capsule, 
(2) a perirenalfat capsule, and (3) the fibrous renalfaseia that 
holds the kidneys in plaee in a retroperitoneal position. 

In eases of rapid weight loss or in very thin indi- 


viduals, the fat capsule may be reduced or meager 
in amount. Sinee the kidneys are less securely anehored, they 
may drop to a more inferior position in the abdominal eavity. 
This phenomenon is ealled ptosis. + 

2. Observe the renal arteries as they diverge from the 
deseending aorta and plunge into the indented medial region, 
ealled the hiliim, of eaeh kidney. Note also the renal veins, 
which drain the kidneys, and the two ureters, which earry 
urine from the kidneys, moving it by peristalsis to the bladder 
for temporary storage. 

3. Loeate the urinary bladder, and observe the point of 
entry of the two ureters into this organ. Also loeate the single 
urethra, which drains the bladder. The triangular region of 
the bladder delineated by the openings of the ureters and the 
urethra is referred to as the trigone (Figure 40.2). 









































612 


Exercise 40 



Figure 40.3 Internal anatomy of the kidney. (a) Photograph of a right kidney. 

(b) Diagrammatie view showing the larger blood vessels supplying the kidney tissue 


Renal 

hilum 



Renal cortex 


Renal medulla 


Major calyx 


Papilla of 
pyramid 


Renal pelvis 


Minor calyx 
Llreter 


Renal pyramid in 
renal medulla 


Renal column 


Fibrous capsule 



Cortical radiate 
vein 

Cortical radiate 
artery 

Arcuate vein 
Arcuate artery 

Interlobar vein 

Interlobar artery 

Segmental 

arteries 

Renal vein 


Renal artery 
Renal pelvis 


llreter 




4. Follow the course of the urethra to the body exterior. In 
the male, it is approximately 20 em (8 inehes) long, travels 
the length of the penis, and opens at its tip. Its three named 
regions are the prostatie, intermediate part, and spongy ure- 
thrae (deseribed in more detail in Exercise 42). The male ure- 
thra has a dual function: it earries urine to the body exterior, 
and it provides a passageway for semen ejaculation. Thus in 
the male, the urethra is part of both the urinary and reproduc- 
tive systems. In females, the urethra is short, approximately 
4 em (IV 2 inehes) long (see Figure 40.2). There are no eom- 
mon urinary-reproductive pathways in the female, and the 
female’s urethra serves only to transport urine to the body 
exterior. Its external opening, the external urethral orifiee, 
lies anterior to the vaginal opening. ■ 


DISSECTIOI\l: 

Gross Internal Anatomy 
of the Pig or Sheep Kidney 

1. In preparation for disseetion, don gloves. Obtain a pre- 
served sheep or pig kidney, disseeting tray, and instmments. 
Observe the kidney to identify the fibrous capsule, a smooth, 
transparent membrane that adheres tightly to the external 
aspeet of the kidney. 

2. Find the ureter, renal vein, and renal artery at the hilum. 
The renal vein has the thinnest wall and will be eollapsed. 



The ureter is the largest of these structures and has the 
thiekest wall. 

3. Seetion the kidney in the frontal plane through the longi- 
tudinal axis and loeate the anatomieal areas deseribed below 
(and depieted in Figure 40.3). 

Renal cortex: The superficial kidney region, which is lighter 
in eolor. If the kidney is doubly injeeted with latex, you will 
see a predominanee of red and blue latex speeks in this region 
indieating its rieh vascular supply. 

Renal medulla: Deep to the cortex; a darker, reddish-brown 
eolor. The medulla is segregated into triangular regions that 
have a striped appearanee—the medullary (renal) pyramids. 
The base of eaeh pyramid faees toward the cortex. Its more 
pointed papilla, or apex, points to the innermost kidney region. 

Renal columns: Areas of tissue that are more like the cortex 
in appearanee, the columns dip inward between the pyramids, 
separating them. 

Renal pelvis: Extending inward from the hilum; a relatively 
flat, basinlike eavity that is continuous with the ureter, which 
exits from the hilum region. Fingerlike extensions of the pel- 
vis should be visible. The larger, or primary, extensions are 
ealled the major ealyees (singular: calyx)\ subdivisions of the 
major ealyees are the minor ealyees. Notiee that the minor 
ealyees terminate in cuplike areas that enelose the apexes of 
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the medullary pyramids and eolleet urine draining from the 
pyramidal tips into the pelvis. 


4. If the preserved kidney is doubly or triply injeeted, fol- 
low the renal blood supply from the renal artery to the glom- 
eruli. The glomemli appear as little red and blue speeks in the 
cortex region. 


Approximately a fourth of the total blood flow of the 
body is delivered to the kidneys eaeh minute by the large 
renal arteries. As a renal artery approaehes the kidney, it 
breaks up into branehes ealled segmental arteries, which 
enter the hilum. Eaeh segmental artery, in turn, divides into 
several interlobar arteries, which aseend toward the cortex 
in the renal columns. At the top of the medullary region, 
these arteries give off arehing branehes, the arcuate arteries, 
which curve over the bases of the medullary pyramids. Small 
eortieal radiate arteries braneh off the arcuate arteries and 
aseend into the cortex, giving off the individual afferent 
arterioles, which lead to the eapillary beds assoeiated with the 
nephrons, the functional units of the kidney. Blood draining 
from the nephron eapillary beds enters the eortieal radiate 
veins and then drains through the arcuate veins and the 
interlobar veins to finally enter the renal vein in the pelvis 
region. There are no segmental veins. 

Dispose of the kidney speeimen as your instmetor 
speeifies. ■ 


Functional Mieroseopie 
Anatomy of the Kidney 
and Bladder 

Kidney 

Eaeh kidney eontains over a million nephrons, the structural 
and functional units responsible for filtering the blood and 
forming urine. (Figure 40.4 depiets the detailed structure 
and the relative positioning of the nephrons in the kidney.) 

Eaeh nephron eonsists of two major structures: a renal 
corpuscle and a renal tubule. All of the renal corpuscles are 
loeated in the cortex of the kidney. Eaeh eonsists of a cuplike 
structure ealled the glomerular (or Bowman’s) capsule that 
eontains a cluster of eapillaries ealled the glomerulus. This 
speeial eapillary bed resembles a ball of yarn. The capsule has 
a viseeral layer of podoeytes that have long branehing foot 
proeesses. The foot proeesses interdigitate and eling to the 
basement membrane of the glomerulus, forming part of the 
filtration membrane. Blood in the glomerulus is filtered into 
the capsule to begin its journey along the renal tubule. 

The renal tubule exits from the glomemlar capsule to form 
the highly eoiled proximal convoluted tubule (PCT) that then 
beeomes the deseending limb of the hairpin-like nephron loop. 
The aseending limb of the nephron loop leads to the eoiled 
distal convoluted tubule (DCT) that empties into a eolleeting 
duct. A single layer of epithelial eells resting on a basement 
membrane forms the walls of both the renal tubule and the eol- 
leeting duct. The eells of eaeh part of the tubule and eolleeting 
duct are speeialized to perform a particular function in proeess- 
ing filtrate. The cuboidal eells of the PCT have dense mierovilli 
that greatly inerease the surface area exposed to filtrate in the 
lumen. They are speeialized for reabsorption. In eontrast, the 
cuboidal eells of the DCT have far fewer mierovilli, refleeting 
the deereased role of reabsorption in this part of the tubule. 


There are two kinds of nephrons, eortieal and juxtamed- 
ullary (see Figure 40.4). Cortical nephrons are most numer- 
ous, making up about 85% of nephrons. They are loeated 
almost entirely within the renal cortex except for small parts 
of their nephron loops that dip into the renal medulla. The 
renal corpuscles of juxtamedullary nephrons are loeated 
deep in the cortex at the border with the medulla; their long 
nephron loops penetrate deeply into the medulla. Juxtamedul- 
lary nephrons play an important role in eoneentrating urine. 

Filtrate leaving the renal tubule enters a eolleeting duct 
where its volume and eoneentration ean be modified. Eaeh eol- 
leeting duct reeeives filtrate from many nephrons. The ducts 
travel through the medullary pyramids, giving them a striped 
appearanee, then fuse near the renal pelvis. They deliver urine 
into the minor ealyees via the papillae of the pyramids. 

The fimetion of the nephron depends on several unique 
features of the renal circulation (Figure 40.5). The eapillary 
vascular supply eonsists of two distinet eapillary beds, the 
glomerulus and the peritubular eapillary bed. Vessels leading 
to and from the glomerulus, the first eapillary bed, are both 
arterioles: the afferent arteriole feeds the bed while the effer- 
ent arteriole drains it. The glomemlar eapillary bed is unique 
in the body. It is a high-pressure bed along its entire length. Its 
high pressure is a result of two major faetors: (1) the bed is fed 
and drained by arterioles, and (2) the afferent feeder arteriole 
is larger in diameter than the efferent arteriole draining the bed. 
The high hydrostatie pressure ereated by these two anatomieal 
features forees fluid and blood eomponents smaller than pro- 
teins out of the glomerulus into the glomemlar capsule. That 
is, it forms the filtrate that is proeessed by the nephron tubule. 

The peritubular eapillary bed arises from the effer- 
ent arteriole draining the glomerulus. This set of eapillaries 
elings intimately to the renal tubule and empties into the 
eortieal radiate veins that leave the cortex. The peritubular 
eapillaries are low-pressure, porous eapillaries adapted for 
absorption rather than filtration and readily take up the solutes 
and water reabsorbed from the filtrate by the tubule eells. 
Efferent arterioles that supply juxtaglomerular nephrons tend 
not to form peritubular eapillaries. Instead they form long, 
straight, highly intereonneeted vessels ealled vasa reeta that 
mn parallel and elose to the long nephron loops. The vasa 
reeta is essential for the formation of eoneentrated urine. 

Eaeh nephron also has a juxtaglomerular complex 
(JGC) (Figure 40.6a) loeated where the most distal portion 
of the aseending limb of the nephron loop touches the afferent 
arteriole. Helping to form the JGC are (1) granular eells (also 
ealled juxtaglomerular [JG] eells) in the arteriole walls that 
sense blood pressure in the afferent arteriole, and (2) a group of 
columnar eells in the nephron loop ealled the macula densa that 
monitors NaCl eoneentration in the filtrate. The role of the JGC 
is to regulate the rate of filtration and systemie blood pressure. 

Urine formation is a result of three proeesses: filtration, 
reabsorption, and seeretion (see Figure 40.5). Filtration, the 
role of the glomerulus, is largely a passive proeess in which a 
portion of the blood passes from the glomemlar eapillary into the 
glomemlar capsule. This filtrate then enters the proximal eonvo- 
luted tubule where tubular reabsorption and seeretion begin. 
During tubular reabsorption, many of the filtrate eomponents 
move through the tubule eells and retum to the blood in the 
peritubular eapillaries. Some of this reabsorption is passive, such 
as that of water which passes by osmosis, but the reabsorption 
of most substances depends on aetive transport proeesses and is 
highly seleetive. Which substances are reabsorbed at a particular 
time depends on the eomposition of the blood and needs of the 



614 


Exercise 40 


Cortical nephron 

• Short nephron loop 

• Glomerulus further from the cortex-medulla junction 

• Efferent arteriole supplies peritubular eapillaries 


Juxtamedullary nephron 

• Long nephron loop 

• Glomerulus eloser to the cortex-medulla junction 

• Efferent arteriole supplies vasa reeta 


Renal — 
corpuscle 


Glomerulus 

(eapillaries) 


Glomerular 

capsule 


Cortical radiate vein 
Cortical radiate artery 


Afferent arteriole 


Proximal 
convoluted 



(a) 



Arcuate artery 


Nephron loop 


A C T I V I T Y 



Efferent 

arteriole 


- Cortex- 
medulla 
junction 


Figure 40.4 Cortical and juxtamedullary nephrons and 
their assoeiated blood vessels. (a) Rectangular-shaped 
seetion of kidney tissue indieates position of nephrons in 
the kidney. (b) Detailed nephron anatomy and assoeiated 
blood supply. Arrovvs indieate direetion of blood flow. 


body at that time. Substances that are almost entirely reabsorbed 
from the filtrate include water, glucose, and amino aeids. Various 
ions are seleetively reabsorbed or allowed to go out in the urine 
aeeording to what is required to maintain appropriate blood 
pH and eleetrolyte eomposition. Waste products including urea, 
ereatinine, uric aeid, and dmg metabolites are reabsorbed to a 
much lesser degree or not at all. Most (75% to 80%) of tubular 
reabsorption occurs in the proximal convoluted tubule. 

Tubular seeretion is essentially the reverse proeess of 
tubular reabsorption. Substances such as hydrogen and potas- 
sium ions and ereatinine move from the blood of the peritubular 
eapillaries through the tubular eells into the filtrate to be dis- 
posed of in the urine. This proeess is particularly important for 
the disposal of substances such as dmg metabolites that are not 
already in the filtrate and as a deviee for eontrolling blood pH. 


Studying Nephron Structure 

1. Begin your study of nephron structure by identifying the 
glomemlar capsule, proximal and distal convoluted tubule 
regions, and the nephron loop on a model of the nephron. Then, 
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Afferent arteriole 


Cortical 

radiate 

artery 



Three major 
renal proeesses: 


llrine 




© 

O 




Glomerular filtration 
Tubular reabsorption 
Tubular seeretion 


Glomerular 

eapillaries 


Efferent 

arteriole 


Glomerular 

capsule 


Renal tubule 

eontaining 

filtrate 


Peritubular 

eapillary 


To eortieal 
radiate vein 


Figure 40.5 A sehematie, uncoiled nephron. A kidney 
actually has millions of nephrons aeting in parallel. The 
three major renal proeesses by vvhieh the kidneys adjust 
the eomposition of plasma are (1) glomemlar filtration, 
(2) tubular reabsorption, and (3) tubular seeretion. Blaek 
arrovvs shovv the path of blood flovv through the renal 
microcirculation. 



Cuboidal 
epithelium of 
renal tubule 

Lumen of 

glomemlar 

capsule 

Glomerulus 

Granular 

eells 


Parietal layer 
of glomerular 
capsule 

Macula densa 




Renal tubules Lumen of the Glomemli 


(b) 

Fìgure 40.6 Mieroseopie structure of kidney tissue. 

(a) Detailed structure of the glomerulus (225x). 

(b) Lovv-povver vievv of the renal cortex (67x). 


obtain a compound mieroseope and a prepared slide of kidney 
tissue to continue with the mieroseope study of the kidney. 

2. Hold the longitudinal seetion of the kidney up to the light 
to identify eortieal and medullary areas. Then secure the slide 
on the mieroseope stage, and sean the slide under low power. 

3. Move the slide so that you ean see the eortieal area. Iden- 
tify a glomerulus, which appears as a ball of tightly paeked 
material eontaining many small nuclei (Figure 40.6). It is usu- 
ally surrounded by a vaeant-appearing region eorresponding 
to the spaee between the viseeral and parietal layers of the 
glomemlar capsule that surrounds it. 

4. Notiee that the renal tubules are cut at various angles. Try 
to differentiate between the fuzzy cuboidal epithelium of the 
proximal convoluted tubule, which has dense mierovilli, and 
that of the distal convoluted tubule with sparse mierovilli. 
Also identify the thin-walled nephron loop. wm. 

Bladder 

Although urine production by the kidney is a continuous pro- 
eess, urine is usually removed from the body when voiding 


is eonvenient. In the meantime the urinary bladder, which 
reeeives urine via the ureters and diseharges it via the urethra, 
stores it temporarily. 

Voiding, or micturition, is the aet of emptying the bladder. 
Two sphineter muscles (see Figure 40.2), the internal urethral 
sphineter and the external urethral sphineter, eontrol the 
outflow of urine from the bladder. Ordinarily, the bladder eon- 
tinues to eolleet urine until about 200 ml have accumulated, at 
which time the stretehing of the bladder wall aetivates streteh 
reeeptors. Impulses transmitted to the eentral nervous system 
subsequently produce reflex eontraetions of the bladder wall 
through parasympathetie nervous system pathways via the pel- 
vie splanehnie nerves. As eontraetions inerease in foree and fre- 
quency, stored urine is foreed past the internal sphineter, which 
is a smooth muscle involuntary sphineter, into the superior part 
of the urethra. It is then that a person feels the urge to void. The 
inferior extemal sphineter eonsists of skeletal muscle and is vol- 
untarily eontrolled. If it is not eonvenient to void, the opening of 
this sphineter ean be inhibited. Conversely, if the time is eonve- 
nient, the sphineter may be relaxed and the stored urine flushed 
from the body. If voiding is inhibited, the reflex eontraetions of 
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Exercise 40 


the bladder eease temporarily and urine continues to accumulate 
in the bladder. After another 200 to 300 ml of urine have been 
eolleeted, the micturition reflex will again be initiated. 

Laek of voluntary eontrol over the external sphine- 


ter is referred to as ineontinenee. ineontinenee is 
normal in ehildren 2 years old or younger, as they have not yet 
gained eontrol over the voluntary sphineter. In adults and 
older ehildren, ineontinenee generally results from spinal 
eord injury, emotional problems, bladder irritability, or some 
other pathology of the urinary traet. + 


AOTIVITY 3 


Studying Bladder Structure 

1. Return the kidney slide to the supply area, and obtain a 
slide of bladder tissue. Sean the bladder tissue. Identify its 
three layers: mucosa, muscular layer, and fibrous adventitia. 

2. Study the highly speeialized transitional epithelium of the 
mucosa. The plump, transitional epithelial eells have the abil- 
ity to slide over one another, thus deereasing the thiekness of 
the mucosa layer as the bladder fills and stretehes to aeeom- 
modate the inereased urine volume. Depending on the degree 
of stretehing of the bladder, the mucosa may be three to eight 
eell layers thiek. (Compare the transitional epithelium of the 
mucosa to that shown in Figure 6.3h on page 73). 

3. Examine the heavy muscular wall (detmsor), which 
eonsists of three irregularly arranged muscular layers. The 
innermost and outermost muscle layers are arranged longi- 
tudinally; the middle layer is arranged circularly. Attempt to 
differentiate the three muscle layers. 

4. Draw a small seetion of the bladder wall, and label all 
regions or tissue areas. 




Circular 

layer 


Longitudinal 

layer 


Transitional 

epithelium 


Adventitia 


Figure 40.7 Structure of the ureter wall. Cross seetion of 
ureter (35x). 


For instmetions on animal disseetions, see the dissee- 


tion exercises (starting on page 697) in the eat and fetal 


pig editions of this manual. 


GROUP GHALLEItlGE 


Llrinary System Sequencing 

Arrange the following sets of urinary structures in the 
eorreet order for the flow of urine, filtrate, or blood. Work 
in small groups, but refrain from using a figure or other 
referenee to determine the sequence. 

1. renal pelvis, minor calyx, renal papilla, urinary bladder, 
ureter, major calyx, and urethra 


2. distal convoluted tubule, aseending limb of the nephron 
loop, glomemlus, eolleeting duct, deseending limb of the neph- 
ron loop, proximal convoluted tubule, and glomemlar capsule 


5. Compare your sketeh of the bladder wall to the structure 
of the ureter wall in the photomierograph (Figure 40.7). 

How are the two organs similar histologieally? 

3. segmental artery, afferent arteriole, eortieal radiate 
artery, glomerulus, renal artery, interlobar artery, and 
arcuate artery_ 


What is/are the most obvious differenees? 


4. arcuate vein, inferior vena eava, peritubular eapillar- 
ies, renal vein, interlobar vein, eortieal radiate vein, and 
efferent arteriole_ 



Smooth muscle 
























Name_ 

Lab Time/Date 


Anatomy of the 
llrinary System 


Gross Anatomy of the Human (Jrinary System 

1. Complete the following statements. 


The kidney is referred to as an excretory organ because 
it excretes 1 wastes. It is also a major homeostatie organ 
because it maintains the eleetrolyte, 2 , and_3_balanee of 
the blood. 

Urine is continuously formed by the 4 and is routed 
down the 5 by the meehanism of 6 to a storage organ 
ealled the 7 . Eventually, the urine is conducted to the body 
8 by the urethra. In the male, the urethra is _9_ eentimeters 
long and transports both urine and 10 . The female urethra 
is 11 eentimeters long and transports only urine. 

Voiding or emptying the bladder is ealled 12 . Voiding 
has both voluntary and involuntary eomponents. The volun- 
tary sphineter is the 13 sphineter. An inability to eontrol 
this sphineter is referred to as 14 . 


1 . 

2 . 

3. 

4. 

5. 

6 . 
7. 









2. What is the function of the fat cushion that surrounds the kidneys in life? 


3. Define ptosis. 


4 . Why is ineontinenee a normal phenomenon in the ehild under IV 2 to 2 years old? 


What events may lead to its occurrence in the adult? 
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5. Complete the labeling of the diagram to eorreetly identify the urinary system organs. 



Hepatie veins (cut) 
Adrenal gland 


Aorta 


lliae erest 


Rectum 


Gross Internal Anatomy of the Pig or Sheep Kidney 

6. Mateh the appropriate structure in column B to its deseription in column A. The items in column B may be used more than onee. 


Column A 

_1. smooth membrane, tightly adherent to the kidney surface 

_2. portion of the kidney eontaining mostly eolleeting ducts 

_3. portion of the kidney eontaining the bulk of the nephron structures 

_4. superficial region of kidney tissue 

_5. basinlike area of the kidney, continuous with the ureter 

_6. a cup-shaped extension of the pelvis that eneireles the apex of a pyramid 

_7. area of eortieal tissue mnning between the medullary pyramids 


Column B 

a. cortex 

b. fibrous capsule 
e. medulla 

d. minor calyx 

e. renal column 

f. renal pelvis 
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Functional Mieroseopie Anatomy of the Kidney and Bladder 

7. Label the blood vessels and parts of the nephron by seleeting the letter for the eorreet structure from the key below. The items 
in the key may be used more than onee. 



Key: 

a. afferent arteriole 

g. distal convoluted tubule 

m. nephron loop—aseending limb 

b. arcuate artery 

h. efferent arteriole 

n. nephron loop— deseending limb 

e. arcuate vein 

i. glomemlar capsule 

o. peritubular eapillary 

d. eolleeting duct 

j. glomerulus 

p. proximal convoluted tubule 

e. eortieal radiate artery 

k. interlobar artery 

q. segmental artery 

f. eortieal radiate vein 

1. interlobar vein 



8. For eaeh of the following deseriptions of a structure, find the matehing name in the question 7 key. 

_1. eapillary speeialized for filtration 4. loeation of macula densa 

_2. eapillary speeialized for reabsorption _5. primary site of tubular reabsorption 

_3. cuplike part of the renal corpuscle 6. reeeives urine from many nephrons 

9. Explain why the glomerulus is such a high-pressure eapillary bed_ 


How does its high-pressure eondition aid its function of filtrate formation? 
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10. What structural modifieation of eertain tubule eells enhanees their ability to reabsorb substances from the filtrate? 


11. Explain the meehanism of tubular seeretion, and explain its importanee in the urine-formation proeess. 


12. Compare and eontrast the eomposition of blood plasma and glomemlar filtrate. 


13. Define juxtaglomerular complex. 


14. Label the figure using the key letters of the eorreet terms 


Key: a. granular eells 


b. cuboidal epithelium 


e. macula densa 


d. glomemlar capsule (parietal layer) 


e. aseending limb of the nephron loop 



15. What is important functionally about the speeialized epithelium (transitional epithelium) in the bladder? 





































MATERIALS 

□ Disposable gloves 

□ Student urine samples eolleeted at 
the beginning of the laboratory or 
"normal" artifieial urine provided by 
the instructor* 

□ Numbered "pathologieal" urine 
speeimens provided by the instmetor* 

□ Wide-range pH paper 

□ Dipstieks: individual (Clinistix®, 
Ketostix®, Albustix®, Hemastix®) or 
eombination (ehemstrip® or Multistix®) 

□ llrinometer 

□ Test tubes, test tube raek, and test tube 
holders 

□ 10-ee graduated eylinders 

□ Test reagents for sulfates: 10% barium 
ehloride solution, dilute hydroehlorie 
aeid (HCI) 

□ Hot plate 

□ 500-ml beaker 

□ Test reagent for phosphates: dilute 
nitrie aeid (HN0 3 ), dilute ammonium 
molybdate 

□ Glass stirring rod 

□ Test reagent for ehloride: 3.0% silver 
nitrate solution (AgN0 3 ), freshly 
prepared 

*Directions for making artifieial urine are 

provided in the Instmetor’s Guide for this 

manual. 

(Text continues on next page.) 


M- 



MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you vvill find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 




Llrinalysis 




OBJEGTIVES 


1 


2 

3 


4 


5 


List the physieal eharaeteristies of urine, and indieate the normal pH 
and speeifie gravity ranges. 

List substances that are normal urinary constituents. 

Conduct various urinalysis tests and procedures, and use them to 
determine the substances present in a urine speeimen. 

Define the follovving urinary eonditions: 


ealajli 

easts 


albuminuria 

glycosuria 

hematuria 


hemoglobinuria 

ketonuria 


pyuria 





> 



Discuss the possible causes and implieations of eonditions listed in objeetive 4 


PRE-LAB Q U I Z 

1. Normal urine is usually pale yellovv to amber in eolor, due to the presenee of 

a. hemoehrome 

b. melanin 

e. urochrome 

2. Circle the eorreet underlined term. The average pH value of urine is 
6.0/11.0. 

3. Circle True or False. Glucose ean usually be found in all normal urine. 

4. _, like other blood proteins, is/are too large to pass through the 

glomerular filtration membrane and is/are normally not found in urine. 

a. Albumin e. Nitrates 

b. ehloride d. Sulfate 

5. Circle the eorreet underlined term. Hematuria / Ketonuria, the appearanee 
of red blood eells in the urine, almost alvvays indieates pathology of the 
urinary system. 

6. The appearanee of bile pigments in the urine, a eondition knovvn as 
_, ean be an indieation of liver disease. 

a. albuminuria e. ketonuria 

b. bilirubinuria d. pyuria 

7. Circle the eorreet underlined term. Albuminuria / Pyuria. the presenee of 
vvhite blood eells or pus in the urine, is eonsistent vvith inflammation of the 
urinary traet. 

8. Circle the eorreet underlined term. Casts / Calculi are hardened eell 
fragments formed in the distal convoluted tubules and eolleeting ducts and 
flushed out of the urinary traet. 

9. Circle True or False. When testing the pH of the urine, you vvill use the same 
pieee of vvide-range pH paper for eaeh test. 

10. When determining the presenee of inorganie constituents such as sulfates, 
phosphates, and ehlorides, you vvill be looking forthe "formation of a 
preeipitate." What is a preeipitate?_ 
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(Materials list continued.) 

□ Clean mieroseope slide and eoverslip 

□ Compound mieroseope 

□ Test reagent for urea: eoneentrated 
nitrie aeid in dropper bottles 

□ Test reagent for glucose: eiinitest® 
tablets; eiinitest eolor ehart 


□ Medieine droppers 

□ Timer (vvateh or eloek vvith a seeond 
hand) 

□ letotest® reagent tablets and test mat 

□ Flasks and laboratory buckets 
eontaining 10% bleaeh solution 


□ Disposable autoclave bags 

□ Demonstration: Instmetor-prepared 
speeimen of urine sediment set up 


for mieroseopie analysis 


PEx 


PhysioEx™ 9.1 Computer Simulation 
Ex. 9 on p. PEx-131. 


B lood eomposition depends on three major faetors: diet, 

cellular metabolism, and urinary output. In 24 hours, 
the kidneys’ 2 million nephrons filter 150 to 180 liters 
of blood plasma through their glomemli into the tubules, 
where it is seleetively proeessed by tubular reabsorption and 
seeretion. In the same period, urinary output, which eontains 
by-products of metabolism and excess ions, is 1.0 to 1.8 
liters. In healthy people, the kidneys ean maintain blood eon- 
staney despite wide variations in diet and metabolie aetivity. 
With eertain pathologieal eonditions, urine eomposition often 
ehanges dramatieally. 

eharaeteristies of Llrine 

To be valuable as a diagnostie tool, a urinalysis must be done 
within 30 minutes after the urine is voided or on refriger- 
ated urine. Freshly voided urine is generally elear and pale 
yellow to amber in eolor. This normal yellow eolor is due to 
urochrome, a pigment metabolite that arises from the body’s 
destmetion of hemoglobin and travels to the kidney as bili- 
mbin or bile pigments. As a mle, eolor variations from pale 
yellow to deeper amber indieate the relative eoneentration of 
solutes to water in the urine. The greater the solute eoneentra- 
tion, the deeper the eolor. Abnormal urine eolor may be due 
to eertain foods, such as beets, various dmgs, bile, or blood. 

The odor of freshly voided urine is slightly aromatie, 
but baeterial aetion gives it an ammonia-like odor when left 
standing. Some dmgs, vegetables (such as asparagus), and 
various disease proeesses (such as diabetes mellitus) alter the 
eharaeteristie odor of urine. For example, the urine of a per- 
son with uncontrolled diabetes mellitus (and elevated levels 
of ketones) smells frnity or aeetone-like. 

The pH of urine ranges from 4.5 to 8.0, but its average 
value, 6.0, is slightly aeidie. Diet may markedly influence the 
pH of the urine. For example, a diet high in protein (meat, 
eggs, eheese) and whole wheat products inereases the aeid- 
ity of urine. Such foods are ealled aeid ash foods. On the 
other hand, a vegetarian diet eontains alkaline ashfoods that 
inerease the alkalinity of the urine. The naming of foods as 
aeid or alkaline ash eomes from the faet that if an aeid ash 
food is burned to ash, the pH of the ash is aeidie. The ash of 
alkaline ash foods is alkaline. A baeterial infeetion of the uri- 
nary traet may also cause the urine to beeome more alkaline. 

Speeifie gravity is the relative weight of a speeifie volume 
of liquid eompared with an equal volume of distilled water. The 
speeifie gravity of distilled water is 1.000, because 1 ml weighs 
1 g. Sinee urine eontains dissolved solutes, it weighs more than 
water, and its customary speeifie gravity ranges from 1.001 to 
1.030. Urine with a speeifie gravity of 1.001 eontains few solutes 
and is eonsidered very dilute. Dilute urine eommonly results 
when a person drinks excessive amounts of water, uses diuretics, 


or suffers from diabetes insipidus or ehronie renal failure. Con- 
ditions that produce urine with a high speeifie gravity include 
limited fluid intake, fever, and kidney inflammation, ealled 
pyelonephritis. If urine beeomes excessively eoneentrated, some 
of the substances normally held in solution begin to preeipitate 
or erystallize, forming kidney stones, or renal calculi. 

Water is the largest eomponent of urine, accounting for 
95% of its volume. Of the solutes that make up the remain- 
ing 5% of urine, urea is the largest eomponent. Urea eomes 
from the breakdown of protein and is one of the nitrogenous 
wastes. Uric aeid , from the breakdown of nucleic aeids, and 
ereatinine , a metabolite of ereatine phosphate that is present 
in large amounts in skeletal muscle, make up the remaining 
nitrogenous wastes. 

Normal solute constituents of urine, in order of deereas- 
ing eoneentration, include urea, sodium, potassium, phos- 
phate, and sulfate ions; ereatinine, and uric aeid. Much 
smaller but highly variable amounts of calcium, magnesium, 
and biearbonate ions are also found in the urine. Abnormally 
high eoneentrations of any of these urinary constituents may 
indieate a pathologieal eondition. 


Abnormal Llrinary Constituents 

Abnormal urinary constituents are substances not 



normally present in the urine when the body is oper- 
ating properly. + 

Glucose 

The presenee of glucose in the urine, a eondition ealled 
glyeosiiria, indieates abnormally high blood sugar levels. 
Normally, blood sugar levels are maintained between 80 and 
100 mg/100 ml of blood. At this level all glucose in the filtrate 
is reabsorbed by the tubular eells and returned to the blood. 
Glycosuria may result from earbohydrate intake so excessive 
that normal physiologieal and hormonal meehanisms eannot 
elear it from the blood quickly enough. In such eases, the 
aetive transport reabsorption meehanisms of the renal tubules 
for glucose are exceeded—but only temporarily. 

Pathologieal glycosuria occurs in eonditions such as 
uncontrolled diabetes mellitus, in which the body eells are 
unable to absorb glucose from the blood because the panereatie 
islet eells produce inadequate amounts of the hormone insulin, 
or there is some abnormality of the insulin reeeptors. Under 
such circumstances, the body eells inerease their metabolism of 
fats, and the excess and unusable glucose spills out in the urine. 

Albumin 

Albuminuria, or the presenee of albumin in urine, is an abnor- 
mal finding. Albumin is the single most abundant blood protein 
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and is very important in maintaining the osmotie pressure of 
the blood. Albumin, like other blood proteins, is too large 
to pass through the glomemlar filtration membrane. Thus, 
albuminuria is generally indieative of abnormally inereased 
permeability of the glomemlar membrane. Certain nonpatho- 
logieal eonditions, such as excessive exertion, pregnaney, or 
overabundant protein intake, ean temporarily inerease the 
membrane permeability, leading to physiologieal albumin- 
uria. Pathologieal eonditions resulting in albuminuria include 
events that damage the glomemlar membrane, such as kidney 
trauma due to blows, the ingestion of poisons or heavy metals, 
baeterial toxins, glomemlonephritis, and hypertension. 

Ketone Bodies 

Ketone bodies including aeetoaeetie aeid, beta-hydroxybu- 
tyrie aeid, and aeetone normally appear in the urine in very 
small amounts. Ketonuria, the presenee of these intermedi- 
ate products of fat metabolism in excessive amounts, usually 
indieates that abnormal metabolie proeesses are occurring. 
The result may be aeidosis and its eomplieations. Ketonuria 
is an expected finding during starvation, or diets very low in 
earbohydrates, when inadequate food intake forees the body 
to use its fat stores. Ketonuria coupled with a finding of gly- 
cosuria is generally diagnostie for diabetes mellitus. 

Red Blood Cells 

Hematuria, the appearanee of red blood eells in the urine, 
almost always indieates pathology of the urinary traet, 
because erythroeytes are too large to pass through the glo- 
memlar pores. Possible causes include irritation of the uri- 
nary traet organs by calculi (kidney stones), which produces 
elinieally evident bleeding; infeetion or tumors of the urinary 
traet; or physieal trauma to the urinary organs. In healthy 
menstmating females, it may refleet aeeidental eontamination 
of the urine sample with the menstmal flow. 

Hemoglobin 

Hemoglobinuria, the presenee of hemoglobin in the urine, 
is a result of the fragmentation, or hemolysis, of red blood 
eells. As a result, hemoglobin is liberated into the plasma and 
subsequently appears in the kidney filtrate. Hemoglobinuria 
indieates various pathologieal eonditions including hemolytie 
anemias, transfusion reaetions, burns, poisonous snake bites, 
or renal disease. 


Nitrites 

The presenee of urinary nitrites might indieate a baeterial 
infeetion, particularly E. eoli or other gram-negative rods. 
The presenee of nitrites is a valuable finding for early detee- 
tion of bladder infeetions. 


Bile Pigments 

Bilirubinuria, the appearanee of bilimbin (bile pigments) 
in urine, is an abnormal finding and usually indieates liver 
pathology, such as hepatitis, eirrhosis, or bile duct bloekage. 
Bilirubinuria is signaled by a yellow foam that forms when 
the urine sample is shaken. 

Urobilinogen is produced in the intestine from bilim- 
bin and gives feees a brown eolor. Some urobilinogen is 
reabsorbed into the blood and either excreted baek into the 
intestine by the liver or excreted by the kidneys in the urine. 


Complete absenee of urobilinogen may indieate renal disease 
or obstmetion of bile flow in the liver. inereased levels may 
indieate hepatitis A, eirrhosis, or biliary disease. 

White Blood Cells 

Pyuria is the presenee of white blood eells or other pus eon- 
stituents in the urine. It indieates inflammation of the urinary 
traet. 

Casts 

Any eomplete discussion of the varieties and implieations of 
easts is beyond the seope of this exercise. However, because 
they always represent a pathologieal eondition of the kidney 
or urinary traet, they should at least be mentioned. Casts are 
hardened eell fragments, usually eylindrieal, which are formed 
in the distal convoluted tubules and eolleeting ducts and then 
flushed out of the urinary traet. Hyaline easts are formed 
from a mucoprotein seereted by tubule eells (Figure 41. lb, 
page 626). These easts form when the filtrate flow rate is slow, 
the pH is low, or the salt eoneentration is high, all eonditions 
which cause protein to denature. Red blood eell easts are typi- 
eal in glomemlonephritis, as red blood eells leak through the 
filtration membrane and stiek together in the tubules. White 
blood eell easts form when the kidney is inflamed, which 
is typieally a result of pyelonephritis but sometimes occurs 
with glomemlonephritis. Degenerated renal tubule eells form 
granular or waxy easts (Figure 41. lb). Broad waxy easts may 
indieate end-stage renal disease. 


A C T I V I T Y 1 



Analyzing Urine Samples 

In this part of the exercise, you will use prepared dipstieks and 
perform ehemieal tests to determine the eharaeteristies of nor- 
mal urine as well as to identify abnormal urinary eomponents. 
You will investigate two or more urine samples. The first, 
designated as the standard urine speeimen in the Urinalysis 
Results ehart (page 625), will be either yours or a “normal” 
sample provided by your instmetor. The seeond will be an un- 
known urine speeimen provided by your instmetor. Make the 
following determinations on both samples, and reeord your 
results by eireling the appropriate item or deseription or by 
adding data to eomplete the ehart. If you have more than one 
unknown sample, accurately identify eaeh sample by number. 

| Obtain and wear disposable gloves throughout this 

* laboratory session. Although the instmetor-provided 
urine samples are actually artifieial urine (eoneoeted in the 
laboratory to resemble real urine), you should still observe the 
techniques of safe handling of body fluids as part of your 
learning proeess. When you have eompleted the laboratory 
procedures: (1) dispose of the gloves, used pH paper strips, 
and dipstieks in the autoclave bag; (2) put used glassware in 
the bleaeh-eontaining laboratory bucket; (3) wash the lab 
beneh down with 10% bleaeh solution. 





Determination ofthe Physieal 
Characteristics of Urine 

1. Determine the eolor, transpareney, and odor of your 
“normal” sample and one of the numbered pathologieal sam- 
ples, and eirele the appropriate deseriptions in the IJrinalysis 
Results ehart. 
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2. Obtain a roll of wide-range pH paper to determine the 
pH of eaeh sample. Use a fresh pieee of paper for eaeh test, 
and dip the strip into the urine to be tested two or three times 
before eomparing the eolor obtained with the ehart on the 
dispenser. Reeord your results in the ehart. (If you will be 
using one of the eombination dipstieks—Chemstrip or Multi- 
stix—this pH determination ean be done later.) 

3. To determine speeifie gravity, obtain a urinometer eyl- 
inder and float. Mix the urine well, and fill the urinometer 
eylinder about two-thirds full with urine. 

4. Examine the urinometer float to determine how to read its 
markings. In most eases, the seale has numbered lines sepa- 
rated by a series of unnumbered lines. The numbered lines 
give the reading for the first two deeimal plaees. You must 
determine the third deeimal plaee by reading the lower edge 
of the meniscus—the curved surface representing the urine- 
air junction—on the stem of the float. 

5. Carefully lower the urinometer float into the urine. Make 
sure it is floating freely before attempting to take the reading. 
Reeord the speeifie gravity of both samples in the ehart. Do_ 
not dispose ofthis urine ifthe samples that you have are less 

theni 200 mì ìn vohime because you will need to make several 
more determinations. 

Determination of inorganie 
Constituents in (Jrine 

Sulfates 

Using a 10-ee graduated eylinder, add 5 ml of urine to a test 
tube, and then add a few drops of dilute hydroehlorie aeid 
and 2 ml of 10% barium ehloride solution. The appearanee of 
a white preeipitate (barium sulfate) indieates the presenee of 
sulfates in the sample. Clean the graduated eylinder and the 
test tubes well after use. Reeord your results. 

Phosphates 

Obtain a hot plate and a 500-ml beaker. To prepare the hot 
water bath, half fill the beaker with tap water and heat it on 
the hot plate. Add 5 ml of urine to a test tube, and then add 
three or four drops of dilute nitrie aeid and 3 ml of ammonium 
molybdate. Mix well with a glass stirring rod, and then heat 
gently in a hot water bath. Formation of a yellow preeipitate 
indieates the presenee of phosphates in the sample. Reeord 
your results. 

ehlorides 

Plaee 5 ml of urine in a test tube, and add several drops of 
silver nitrate. The appearanee of a white preeipitate (silver 
ehloride) is a positive test for ehlorides. Reeord your results. 

Nitrites 

Use a eombination dipstiek to test for nitrites. Reeord your 
results. 

Determination of Organie 
Constituents in (Jrine 

Individual dipstieks or eombination dipstieks (Chemstrip or 
Multistix) may be used for many of the tests in this see- 
tion. If eombination dipstieks are used, be prepared to take 
the readings on several faetors (pH, protein [albumin], glu- 
eose, ketones, blood/hemoglobin, leukocytes, urobilinogen, 


bilimbin, and nitrites) at the same time. Generally speaking, 
results for all of these tests may be read during the seeond 
minute after immersion, but readings taken after 2 minutes 
have passed should be eonsidered invalid. Pay careful at- 
tention to the direetions for method and time of immersion 
and disposal of excess urine from the strip, regardless of the 
dipstiek used. Identify the dipstieks that you use in the ehart. 
If you are testing your own urine and get an unanticipated 
result, it is helpful to know that most of the eombination 
dipstieks produce false positive or negative results for eer- 
tain solutes when the subject is taking vitamin C, aspirin, or 
eertain drngs. 

Llrea 

Put two drops of urine on a elean mieroseope slide and eare- 
fnlly add one drop of eoneentrated nitrie aeid to the urine. 
Slowly warm the mixture on a hot plate until it begins to dry at 
the edges, but do not allow it to boil or to evaporate to dryness. 
When the slide has eooled, examine the edges of the prepara- 
tion under low power to identify the rhombie or hexagonal 
erystals of urea nitrate, which form when urea and nitrie aeid 
reaet ehemieally. Keep the light low for best eontrast. Reeord 
your results. 

Glucose 

Use a eombination dipstiek or obtain a vial of Clinistix, and 
conduct the dipstiek test aeeording to the instmetions on the 
vial. Reeord your results in the Urinalysis Results ehart. 

Because the Clinitest reagent is routinely used in elinieal 
ageneies for glucose determinations in pediatrie patients, it is 
worthwhile to conduct this test as well. Obtain the Clinitest 
tablets and the assoeiated eolor ehart. You will need a timer 
(watch or eloek with a seeond hand) for this test. Using a 
medieine dropper, put 5 drops of urine into a test tube; then 
rinse the dropper and add 10 drops of water to the tube. Add a 
Clinitest tablet. Wait 15 seeonds and then eompare the eolor 
obtained to the eolor ehart. Reeord your results. 

Albumin 

Use a eombination dipstiek or obtain the Albustix dipstieks, 
and conduct the determinations as indieated on the vial. 
Reeord your results. 

Ketones 

Use a eombination dipstiek or obtain the Ketostix dipstieks. 
Conduct the determinations as indieated on the vial. Reeord 
your results. 

Blood/Hemoglobin 

Test your urine samples for the presenee of hemoglobin by 
using a Hemastix dipstiek or a eombination dipstiek aeeord- 
ing to the direetions on the vial. Usually a short drying period 
is required before making the reading, so read the direetions 
carefully. Reeord your results. 

Bilimbin 

Using a eombination dipstiek, determine if there is any bilim- 
bin in your urine samples. Reeord your results. 

Also conduct the ietotest for the presenee of bilimbin. 
Using a medieine dropper, plaee one drop of urine in the 
eenter of one of the speeial test mats provided with the 
ietotest reagent tablets. Plaee one of the reagent tablets over 
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the drop of urine, and then add two drops of water direetly 
to the tablet. If the mixture turns purple when you add water, 
bilimbin is present. Reeord your results. 

Leukocytes 

Use a eombination dipstiek to test for leukocytes. Reeord 
your results. 


Llrobilinogen 

Use a eombination dipstiek to test for urobilinogen. Reeord 
your results. 

Clean up your area following the procedures deseribed at 
the beginning of this aetivity. IH 


Llrinalysis Results 


Observation or test 

Normal values 

Standard urine speeimen 

Unknown speeimen (# ) 

Physieal Characteristics 



Color 

Pale yellovv 

Yellovv: pale medium dark 

Yellow: pale medium dark 



other 

other 

Transpareney 

Transparent 

Clear Slightly cloudy Cloudy 

Clear Slightly cloudy Cloudy 

Odor 

Characteristic 

Deseribe: 

Deseribe: 

pH 

4.5-8.0 



Speeifie gravity 

1.001-1.030 



inorganie Components 



Sulfates 

Present 

Present Absent 

Present Absent 

Phosphates 

Present 

Present Absent 

Present Absent 

ehlorides 

Present 

Present Absent 

Present Absent 

Nitrites 

Absent 

Present Absent 

Present Absent 

Organie Components 




Urea 

Present 

Present Absent 

Present Absent 

Glucose 




Dipstiek: 

Negative 

Reeord results: 

Reeord results: 

eiinitest 

Negative 



Albumin 




Dipstiek: 

Negative 



1 

Ketone bodies 




Dipstiek: 

Negative 



1 

RBCs/hemoglobin 




Dipstiek: 

Negative 



1 

Bilirubin 




Dipstiek: 

Negative 



1 

letotest 

Negative 

Negative Positive (purple) 

Negative Positive (purple) 


(no eolor ehange) 


Leukocytes 

Absent 

Present Absent 

Present Absent 

Urobilinogen 

Present 

Present Absent 

Present Absent 
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Exercise 41 


A C T I V I T Y 2 


Analyzing Urine Sediment 
Mieroseopieally (Optional) 

If your instmetor so indieates, conduct a mieroseopie analysis 
of urine sediment in “real” urine. The urine sample to be ana- 
lyzed mieroseopieally has been centrifuged to spin the more 
dense urine eomponents to the bottom of a tube, and some of 
the sediment has been mounted on a slide and stained with 
Sedi-stain to make the eomponents more visible. 

Go to the demonstration mieroseope to conduct this 
study. Using the lowest light source possible, examine the 
slide under low power to determine if any eommon sediments 
ean be seen (Figure 41.1). 

Unorganized sediments: Chemical substances that form 
erystals or preeipitate from solution; for example, calcium 


oxalates, earbonates, and phosphates; uric aeid; ammonium 
ureates; and eholesterol. Also, if one has been taking anti- 
bioties or eertain drugs such as sulfa drugs, these may be 
deteetable in the urine in erystalline form. Normal urine 
eontains very small amounts of erystals, but eonditions 
such as urinary retention or urinary traet infeetion may 
cause the appearanee of much larger amounts. The high- 
power lens may be needed to view the various erystals, 
which tend to be much more minute than the organized 
cellular sediments. 


Organized sediments: Include epithelial eells (rarely of any 
pathologieal signifieanee), pus eells (white blood eells), red 
blood eells, and easts. Urine is normally negative for orga- 
nized sediments, and the presenee of white blood eells, red 
blood eells, and easts other than traee amounts always indi- 
eates kidney pathology. m 



Uric aeid erystals 


Calcium oxalate erystals 




Cholesterol erystals 



Ammonium ureate erystals 


Calcium phosphate erystals 


Calcium earbonate erystals 


(a) Llnorganized sediments 



Epithelial eells 



White blood Red blood 
eells eells 

Blood eells 



Granular east 



Hyaline east 


(b) Organized sediments 


Figure 41.1 Examples of sediments. 
























Name 


Lab Time/Date 



Llrinalysis 


h 



Gharaeteristies of (Jrine 




1. What is the normal volume of urine excreted in a 24-hour period? 



2. Assuming normal eonditions, note whether eaeh of the following substances would be (a) in greater relative eoneentra- 
tion in the urine than in the glomemlar filtrate, (b) in lesser eoneentration in the urine than in the glomeralar filtrate, or 
(e) absent from both the urine and the glomeralar filtrate. Use an appropriate referenee as needed. 


water 

6. amino aeids 

11. uric aeid 

phosphate ions 

7. skieose 

12. ereatinine 

sulfate ions 

8. albumin 

13. pus (WBCsì 

potassium ions 

9. red blood eells 

14. nitrites 

sodium ions 

10. urea 




> 



3. Explain why urinalysis is a routine part of any good physieal examination. 


4 . What substance is responsible for the normal yellow eolor of urine? 


5. Which has a greater speeifie gravity: 1 ml of urine or 1 ml of distilled water? 


Explain your answer 


6 . Explain the relationship between the eolor, speeifie gravity, and volume of urine. 


Abnormal Llrinary Constituents 

7 . A mieroseopie examination of urine may reveal the presenee of eertain abnormal urinary constituents. 

Name three constituents that might be present if a urinary traet infeetion exists_ 

_,and_ 

8. How does a urinary traet infeetion influence urine pH?_ 

How does starvation influence urine pH?_ 

9 . All urine speeimens beeome alkaline and cloudy on standing at room temperature. Explain why_ 
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Revievv Sheet 41 


10 . Several speeifie terms have been used to indieate the presenee of abnormal urine constituents. Identify eaeh of the abnormali- 
ties deseribed below by inserting a term from the key at the right that names the eondition. 


1. presenee of erythroeytes in the urine 

2. presenee of hemoglobin in the urine 

3. presenee of glucose in the urine 

4. presenee of albumin in the urine 

5. presenee of ketone bodies in the urine 

6. presenee of pus (white blood eells) in the urine 


Key: 

a. albuminuria 

b. glycosuria 
e. hematuria 

d. hemoglobinuria 

e. ketonuria 

f. pyuria 


11 . What are renal calculi, and what eonditions favor their formation? 


12 . Glucose and albumin are both normally absent in the urine, but the reason for their exclusion differs. Explain the reason for 


the absenee of glucose. 


Explain the reason for the absenee of albumin. 


13 . The presenee of abnormal constituents or eonditions in urine may be assoeiated with diseases, disorders, or other causes 
listed in the key. Seleet and list all eonditions assoeiated with eaeh numbered item. Some numbered items will have multiple 
letters. 


_1. low speeifie gravity 

_2. high speeifie gravity 

_3. ghieose 

_4. a 1 b n m i n 

_5. blood eells 

_6. hemogiobin 

_7. bilimbin 

_8. ketone bodies 

_9. easts 

_10. pus 

14 . Name the three major nitrogenous wastes found in 


Key: 

a. eystitis (inflammation of the bladder) 

b. diabetes insipidus 

e. diabetes mellitus 

d. eating a 5-lb box of sweets for lunch 

e. glomemlonephritis 

f. gonorrhea 

g. hemolytie anemias 

h. hepatitis, eirrhosis of the liver 

i. kidney stones 

j. pregnaney, exertion 

k. pyelonephritis 

l. starvation 

urine_ 

_, and_ 


5 


15 . Explain the differenee between organized and unorganized sediments. 




























ATERIALS 


Anatomy of the 
Reproductive System 


□ Three-dimensional models or large 
laboratory eharts of the male and 
female reproductive traets 

□ Prepared slides of eross seetions of 
the penis, seminal glands, epididymis, 
uterus shovving endometrium 
(seeretory phase), and uterine tube 

□ Compound mieroseope 



For instructions on animal dissee- 
tions, see the disseetion exercises 
(starting on page 697) in the eat and fetal 
pig editions of this manual. 


ORJEGTIVES 

1. Discuss the general function of the reproductive system. 

2. Identify the structures of the male and female reproductive systems on 
an appropriate model or image, and list the general function of eaeh. 

3. Define semen, state its eomposition, and name the organs involved in 
its production. 

4. Traee the pathvvay follovved by a sperm from its site of formation to the 
external environment. 






5. Define ereetion and ejaculation. 

6. Define gonad, and name the gametes and endoerine products of the testes 
and ovaries, indieating the eell types or structures responsible for the 
production of eaeh. 

7. Deseribe the mieroseopie structure of the penis, seminal glands, epididymis, 
uterine vvall and uterine tube, and relate structure to function. 

8. Explain the role of the fimbriae and eiliated epithelium of the uterine tubes 
in the movement of the "egg" from the ovary to the uterus. 

9. Identify the fundus, body, and eervieal regions of the uterus. 

10. Define endometrium, myometrium, and ovulation. 

11. Deseribe the anatomy and discuss the reproduction-related function of 
female mammary glands. 


PRE-LAB Q U I Z 


„ 




MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



1. The essential organs of reproduction are the_, which produce the 

sex eells. 

a. aeeessory male glands e. seminal glands 

b. gonads d. uterus 

2. Circle the eorreet underlined term. The paired oval testes lie in the scrotum / 
prostate outside the abdominopelvie eavity, where they are kept slightly 
eoolerthan body temperature. 

3. After sperm are produced, they enter the first part of the duct system, 

the_. 

a. ductus deferens e. epididymis 

b. ejaculatory duct d. urethra 

4. The prostate, seminal glands, and bulbo-urethral glands produce_, 

the liquid medium in which sperm leavesthe body. 

a. seminal fluid e. urine 

b. testosterone d. water 

5. Circle the eorreet underlined term. The i nterstitial endoerine eells / 
seminiferous tubules produce testosterone, the hormonal product of 
the testis. 

6. The endoerine products of the ovaries are estrogen and 

a. Iuteinizing hormone e. prolaetin 

b. progesterone d. testosterone 


(Text continues on next page.) 
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Exercise 42 


7. Circle the eorreet underlined term. The labia majora / 
elitoris are/is homologous to the penis. 

8. The_is a pear-shaped organ that houses the 

embryo or fetus during its development. 

a. bladder e. uterus 

b. cervix d. vagina 


9. Circle the eorreet underlined term. The endometrium / 
myometrium. the thiek mucosal lining of the uterus, has 
a superfieial layer that sloughs off periodieally. 

10. Circle the eorreet underlined term. A developing egg 
is ejeeted from the ovary at the appropriate stage of 
maturity in an event knovvn as menstruation / ovulation . 


M ost organ systems of the body fimetion from the 

time they are formed to sustain the existing indi- 
vidual. However, the reproductive system begins 
its biologieal function, the perpetuation of the speeies, at 
puberty. 

The essential organs of reproduction are the gonads, 
the testes and the ovaries, which produce the sex eells or 
gametes and the sex hormones. The reproductive role of 
the male is to manufacture sperm and to deliver them to 
the female reproductive traet. The female, in turn, produces 
eggs. If the time is suitable, the eombination of sperm and 
egg produces a fertilized egg, which is the first eell of a new 
individual. Onee fertilization has occurred, the female uterus 
provides a nurturing, proteetive environment in which the 
embryo, later ealled the fetus, develops until birth. 


Gross Anatomy of the Human 
Male Reproductive System 

The primary reproductive organs of the male are the testes, 
which produce sperm and the male sex hormones. All other 
reproductive structures are conduits or sources of seeretions, 
which aid in the safe delivery of the sperm to the body exterior 
or female reproductive traet. 


A C T I V I T Y 1 


Identifying Male Reproductive Organs 

As the following organs and structures are deseribed, loeate 
them on the illustration (Figiire 42.1) and then identify them 
on a three-dimensional model of the male reproductive sys- 
tem or on a large laboratory ehart. H 


Figure 42.1 Reproductive organs of the human male. (a) Sagittal vievv. 







I Á. 



Peritoneum 


Seminal gland 
(vesiele) 

Ampulla of 
ductus deferens 

Ejaculatory duct 


Rectum 

Prostate 


Bulbo-urethral gland 


Anus 


Bulb of penis 


Ductus (vas) deferens 


Scrotum 


llreter 

Llrinary bladder 

Prostatie urethra 

Pubis 

Intermediate part of 
the urethra 

(membranous urethra) 

Llrogenital diaphragm 

Corpus cavernosum 
Corpus spongiosiim 
Spongy urethra 


(a) 


Glans penis 

Prepuce (foreskin) 

External urethral 
orifiee 
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Prostate 

Prostatie urethra 

Orifiees of 
prostatie ducts 

Intermediate 
part of the 
urethra 

Root of penis 


(b) 



Body (shaft) 
of penis 


Glans penis 


Dorsal vessels 
and nerves 


Deep arteries 


(e) 


Figure 42.1 (continued) 

(b) Posterior view showing a 
Llreter longitudinal seetion of the 

penis. (e) Transverse seetion 
of the penis. 


Ampulla of 
ductus deferens 

Seminal gland 
Ejaculatory duct 


Bulbo-urethral 
gland and duct 

Llrogenital 

diaphragm 

Bulb of penis 

Crus of penis 

Bulbo-urethral 
duct opening 

Ductus deferens 

Corpora 

eavernosa 

Epididymis 

Corpus 

spongiosum 

Testis 

Seetion of (e) 

Spongy urethra 


Prepuce 

(foreskin) 

External 
urethral orifiee 

Corpora 

eavernosa 

Llrethra 

Tunica albuginea of 
ereetile bodies 

Corpus 

spongiosum 


The paired oval testes lie in the scrotum outside the 
abdominopelvie eavity. The temperature there (approxi- 
mately 94°F, or 34°C) is slightly lower than body tempera- 
ture, a requirement for producing viable sperm. 

The aeeessory structures forming the duct system are the 
epididymis, the ductus deferens, the ejaculatory duct, and the 
urethra. The epididymis is an elongated structure mnning up 
the posterolateral aspeet of the testis and eapping its superior 
aspeet. The epididymis forms the first portion of the duct sys- 
tem and provides a site for immature sperm entering it from 


the testis to eomplete their maturation proeess. The ductus 
deferens, or vas deferens (sperm duct), arehes superiorly 
from the epididymis, passes through the inguinal eanal into 
the pelvie eavity, and courses over the superior aspeet of the 
urinary bladder. In life, the ductus deferens is enelosed along 
with blood vessels and nerves in a eonneetive tissue sheath 
ealled the spermatie eord (Figure 42.2). The terminus of 
the ductus deferens enlarges to form the region ealled the 
ampulla, which empties into the ejaculatory duct. During 
ejaculation, eontraetion of the ejaculatory duct propels the 
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Exercise 42 


Spermatie eord 


Blood vessels 


nerves 


Ductus (vas) 
deferens 



Interstitial endoerine eells -v lmmature sperm 



Seminiferous 

tubule 



V ?•% 

'*• * ,«»4 

# * / m ;■ 

* 


Head of epididymis 


Efferent ductule 


Rete testis 


Straight tubule 


(b) 


Lobule 

Septum 


Body of epididymis 


Tunica albuginea 


Duct of epididymis 


Tunica vaginalis 

Cavity of 
tunica vaginalis 


Tail of epididymis 


(a) 


Figure 42.2 Structure of the testis. (a) Partial sagittal seetion of the 
testis and assoeiated epididymis. (b) Cross-sectional vievv of portions 
of the seminiferous toboles, shovving the spermatogenie (sperm- 
forming) cells # vvhieh make up the epithelium of the tubule walls # and 
the interstitial endoerine eells in the loose eonneetive tissue between 
the tubules (200x). (e) External view of a testis from a eadaver; same 
orientation as in (a). 



/ * « 

-« 1 »* ■** 

' m 'i*r V 


Spermatogenie eells 



Spermatie eord 


Epididymis 


Testis 


(e) 


sperm through the prostate to the prostatie urethra, which in 
turn empties into the intermediate part of the urethra and 
then into the spongy urethra, which runs through the length 
of the penis to the body exterior. 

The spermatie eord is easily palpated through the skin of 
the scrotum. When a vaseetomy is performed, a small inei- 
sion is made in eaeh side of the scrotum, and eaeh ductus 
deferens is cut through or cauterized. Although sperm are still 
produced, they ean no longer reaeh the body exterior; thus a 
man is sterile after this procedure. 

The aeeessory glands include the prostate, the paired 
seminal glands, and the bulbo-urethral glands. These glands 
produce seminal fluid, the liquid medium in which sperm 
leave the body. The seminal glands, which produce about 
70% of seminal fluid, lie at the posterior wall of the urinary 
bladder elose to the terminus of the ductus deferens. They 
produce a viscous alkaline seeretion eontaining fmetose and 
other substances that nourish the sperm passing through the 
traet or that promote the fertilizing eapability of sperm in 
some way. The duct of eaeh seminal gland merges with a 
ductus deferens to form the ejaculatory duct; thus sperm and 
seminal fluid enter the urethra together. 

The prostate eneireles the urethra just inferior to the 
bladder. It seeretes a slightly aeidie, milky fluid into the ure- 
thra, which plays a role in aetivating the sperm. 



Hypertrophy of the prostate, a troublesome eondi- 
tion eommonly seen in elderly men, eonstriets the 
urethra so that urination is difficult. + 

The bulbo-urethral glands are tiny, pea-shaped glands 
inferior to the prostate. They produce a thiek, elear, alkaline 
mucus that drains into the intermediate part of the urethra. 
This seeretion lubricates the tip of the penis and neutralizes 
traees of aeidie urine in the urethra just prior to ejaculation of 
semen, which eonsists of sperm plus seminal fluid. The rela- 
tive alkalinity of seminal fluid also buffers the sperm against 
the aeidity of the female reproductive traet. 

The penis, part of the external genitalia of the male along 
with the serotal sae, is the copulatory organ of the male. 
Designed to deliver sperm into the female reproductive traet, 
it eonsists of a body, or shaft, which terminates in an enlarged 
tip, the glans penis (Figure 42.la and b). The skin eovering 
the penis is loosely applied, and it refleets downward to form 
a circular fold of skin, the prepuce, or foreskin, around the 
proximal end of the glans. The foreskin may be removed in 
the surgical procedure ealled circumcision. Internally, the 
penis eonsists primarily of three elongated eylinders of eree- 
tile tissue, which engorge with blood during sexual excite- 
ment. This causes the penis to beeome rigid and enlarged so 
that it may more adequately serve as a penetrating deviee. 
This event is ealled ereetion. The paired dorsal eylinders are 








































Anatomy of the Reproductive System 633 


the eorpora eavernosa. The single ventral corpus spongio- 
sum surrounds the spongy urethra (Figure 42.le). 

Mieroseopie Anatomy 
of Seleeted Male 
Reproductive Organs 

Eaeh testis is eovered by a dense eonneetive tissue capsule 
ealled the tunica albuginea (literally, “white tunic”). Exten- 
sions of this sheath enter the testis, dividing it into a number 
of lobes, eaeh of which houses one to four highly eoiled 
seminiferous tubules, the sperm-forming faetories (Figure 
42.2). The seminiferous tubules of eaeh lobe eonverge to 
empty the sperm into another set of tubules, the rete testis, 
at the posterior of the testis. Sperm traveling through the rete 
testis then enter the epididymis, loeated on the exterior aspeet 
of the testis, as previously deseribed. Lying between the semi- 
niferous tubules and softly padded with eonneetive tissue are 
the interstitial endoerine eells, which produce testosterone, 
the main hormonal product of the testis. Mieroseopie study 
of the testis is not included here (it is in Exercise 43) unless 
your instmetor adds it. 


A C T I V I T Y 2 


Penis 

Obtain a slide of a eross seetion of the penis. Sean the tissue 
under low power to identify the urethra and the cavernous 
bodies. Oompare your observations to the penile eross-seetion 
images (Figure 42.le and Figure 42.3). Observe the lumen 
of the urethra carefully. What type of epithelium do you see? 


Explain the function of this type of epithelium. 




folds seminal wall tissue 

tubule 


Figure 42.4 Cross-sectional view of a seminal gland 
with its elaborate network of mucosal folds. Glandular 
seeretion is seen in the lumen (25x). 


A C T I V I T Y 3 


Seminal Gland 

Obtain a slide showing a eross-seetional view of the seminal 
gland. Examine the slide at low magnifieation to get an over- 
all view of the highly folded mucosa of this gland. Switch to 
higher magnifieation, and notiee that the folds of the gland 
protmde into the lumen where they divide further, giving 
the lumen a honeyeomb look (Figure 42.4). Notiee that the 
loose eonneetive tissue lamina propria is underlain by smooth 
muscle fibers—first a circular layer, and then a longitudinal 
layer. Identify the glandular seeretion in the lumen, a viscous 
substance that is rieh in fmetose and prostaglandins. H 



Oorpora 

eavernosa 

Venous 
eavities 


Tunic albuginea 
(surrounds eorpora) 

Lumen of urethra 


Corpus spongiosum 



A C T I V I T Y 4 


Epididymis 

Obtain a slide of a eross seetion of the epididymis. Notiee the 
abundant tubule eross seetions resulting from the faet that the 
eoiling epididymis tubule has been cut through many times in 
the speeimen (Figure 42.5). Look for sperm in the lumen of 
the tubule. Examine the eomposition of the tubule wall eare- 
fully. Identify the stereoeilia of the pseudostratified eokimnar 
epithelial lining. These nonmotile mierovilli absorb excess 
fluid and pass nutrients to the sperm in the lumen. Now iden- 
tify the smooth muscle layer. What do you think the function 
of the smooth muscle is? 



Figure 42.3 Transverse seetion of the penis (3x). 
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Exercise 42 



Pseudo- 

stratified 

eoliimnar 

epithelium 

Spermatozoa 


Stereoeilia 


Figure 42.5 Cross seetion of epididymis (120x). 


Gross Anatomy of the Human 
Female Reproductive System 

The ovaries are the primary reproductive organs of the female. 
Like the testes of the male, the ovaries produce gametes (in 
this ease eggs, or ova) and also sex hormones (estrogens and 
progesterone). The other aeeessory structures of the female 
reproductive system transport, house, nurture, or otherwise 
serve the needs of the reproductive eells and/or the develop- 
ing fetus. 

The reproductive structures of the female are generally 
eonsidered in terms of internal organs and external organs, or 
external genitalia. 


A C T I V I T Y 5 


Identifying Female Reproductive Organs 

As you read the deseriptions of these structures, loeate them 
on the illustrations of internal and external female structures 
(Figure 42.6 and Figure 42.7) and then on the female repro- 
ductive system model or large laboratory ehart. H 

External Genitalia 

The external genitalia (vulva) eonsist of the mons pubis, 
the labia majora and minora, the elitoris, the external urethral 
and vaginal orifiees, the hymen, and the greater vestibular 
glands. The mons pubis is a rounded fatty eminenee overly- 
ing the pubic symphysis. Running inferiorly and posteriorly 
from the mons pubis are two elongated, pigmented, hair- 
eovered skin folds, the labia majora, which are homologous 
to the scrotum. These enelose two smaller hair-free folds, the 
labia minora. (Terms indieating only one of the two folds 
in eaeh ease are labium majus and minus, respeetively.) The 
labia minora, in turn, enelose a region ealled the vestibule, 
which eontains many structures—the elitoris, most anteriorly, 
followed by the external urethral orifiee and the vaginal 
orifiee. The diamond-shaped region between the anterior end 
of the labial folds, the isehial tuberosities laterally, and the 
anus posteriorly is ealled the perineum. 



Mons — 
pubis 

Prepuce 
of elitoris 


eiitoris 

(glans) 


Vestibule 


Anus 



Labia 

majora 

Labia 

minora 

External 

urethral 

orifiee 

Hymen 

(ruptured) 

Vaginal 

orifiee 


Opening of the duct 
of the greater 
vestibular gland 


Figure 42.6 External genitalia of the human female. The 
region enelosed by dashed lines is the perineum. 


The elitoris is a small protmding structure, homologous 
to the penis. Like its counterpart, it is eomposed of highly sen- 
sitive, ereetile tissue. It is hooded by skin folds of the anterior 
labia minora, referred to as the prepuce of the elitoris. The 
external urethral orifiee, which lies posterior to the elitoris, 
is the outlet for the urinary system and has no reproductive 
function in the female. The vaginal opening is partially elosed 
by a thin fold of mucous membrane ealled the hymen and is 
flanked by the pea-sized, mucus-secreting greater vestibular 
glands. These glands (Figures 42.6 and 42.7a) lubricate the 
distal end of the vagina during coitus and are homologous to 
the bulbo-urethral glands of males. 


Internal Organs 

The internal female organs include the vagina, uterus, uterine 
tubes, ovaries, and the ligaments and supporting structures 
that suspend these organs in the pelvie eavity (Figure 42.7). 
The vagina extends for approximately 10 em (4 inehes) from 
the vestibule to the uterus superiorly. It serves as a copulatory 
organ and birth eanal and permits passage of the menstraal 
flow. The pear-shaped uterus, situated between the bladder 
and the rectum, is a muscular organ with its narrow end, the 
cervix, direeted inferiorly. The major portion of the uterus is 
referred to as the body; its superior rounded region above the 
entranee of the uterine tubes is ealled the fundus. A fertilized 
egg is implanted in the uterus, which houses the embryo or 
fetus during its development. 

In some eases, the fertilized egg may implant in a 



uterine tube or even on the abdominal viseera, ere- 
ating an eetopie pregnaney. Such implantations are usually 
unsuccessful and may even endanger the mother’s life because 
the uterine tubes eannot aeeommodate the inereasing size of 
the fetus. + 
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(b) 

Figure 42.7 Internal reproductive organs of the human female. (a) Midsagittal 
seetion of the human female reproductive system. (b) Posterior view. The posterior 
walls of the vagina f uterus f and uterine tubes f and the broad ligament have been 
removed on the right side to reveal the shape of the lumen of these organs. 
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Exercise 42 



Endometriiinn 


Myometrium 

Serosa 


Fígure 42.8 Cross-sectional view of the uterine wall. 
The mucosa ìs in the seeretory phase. (3x). 


The endometrium, the thiek mucosal lining of the uterus, 
has a superfìcial functional layer, or stratum functionalis, 
that sloughs off periodieally (about every 28 days) in response 
to eyelie ehanges in the levels of ovarian hormones in the 
woman’s blood. This sloughing-off proeess, which is aeeom- 
panied by bleeding, is referred to as menstruation, or menses. 
The deeper basal layer, or stratum basalis (Figure 43.6b), 
forms a new functionalis after menstmation ends. 

The uterine, or fallopian, tubes are about 10 em 
(4 inehes) long and extend from the ovaries in the peritoneal 
eavity to the superolateral region of the uterus. The distal ends 
of the tubes are funnel-shaped and have fingerlike projeetions 
ealled fimbriae. Unlike in the male duct system, there is no 
actual eontaet between the female gonad and the initial part 
of the female duct system—the uterine tube. 

Because of this open passageway between the 



female reproductive organs and the peritoneal eav- 
ity, reproductive system infeetions, such as gonorrhea and 
other sexually transmitted infeetions (STIs), also ealled 
sexually transmitted diseases (STDs), ean cause widespread 
inflammations of the pelvie viseera, a eondition ealled pelvie 
inflammatory disease (PID). + 

The internal female organs are all retroperitoneal, except 
the ovaries. They are supported and suspended somewhat 
freely by ligamentous folds of peritoneum. The peritoneum 
takes an undulating course. From the pelvie eavity floor it 
moves superiorly over the top of the bladder, refleets over 
the anterior and posterior surfaces of the uterus, and then 
over the rectum, and up the posterior body wall. The fold that 
eneloses the uterine tubes and uterus and secures them to the 
lateral body walls is the broad ligament (Figure 42.7b). The 
part of the broad ligament speeifieally anehoring the uterus 
is ealled the mesometrium and that anehoring the uterine 
tubes, the mesosalpinx. The round ligaments, fibrous eords 
that run from the uterus to the labia majora, and the utero- 
saeral ligaments, which course posteriorly to the saemrn, 


also help attaeh the uterus to the body wall. The ovaries 
are supported medially by the ovarian ligament (extending 
from the uterus to the ovary), laterally by the suspensory 
ligaments, and posteriorly by a fold of the broad ligament, 

the mesovarium. 

Within the ovaries, the female gametes, or eggs, begin 
their development in saelike structures ealled follieles. The 
growing follieles also produce estrogens. When a developing 
egg has reaehed the appropriate stage of maturity, it is ejeeted 
from the ovary in an event ealled ovulation. The ruptured 
folliele is then eonverted to a seeond type of endoerine strne- 
ture ealled a corpus luteum, which seeretes progesterone and 
some estrogens. 

The flattened almond-shaped ovaries lie adjaeent to the 
uterine tubes but are not eonneeted to them; consequently, 
an ovulated í4 egg,” actually a seeondary ooeyte (see Exer- 
eise 43), enters the pelvie eavity. The waving fimbriae of 
the uterine tubes ereate fluid currents that, if successful, 
draw the egg into the lumen of the uterine tube, where it 
begins its passage to the uterus, propelled by the eilia of the 
tubule walls. The usual and most desirable site of fertiliza- 
tion is the uterine tube, because the journey to the uterus 
takes about 3 to 4 days and an egg is viable only for up to 
24 hours after it is expelled from the ovary. Thus, sperm 
must swim upward through the vagina and uterus and into 
the uterine tubes to reaeh the egg. This must be an arduous 
journey, because they must swim against the downward 
current ereated by eiliary aetion—rather like swimming 
against the tide! 

Mieroseopie Anatomy 
of Seleeted Female 
Reproductive Organs 


AOTIVITY 6 


Wall of the Uterus 

Obtain a slide of a eross-seetional view of the uterine wall. 
Identify the three layers of the uterine wall—the endome- 
trium, myometrium, and serosa. A photomierograph that 
includes the seeretory endometrium will help in this study 

(Figure 42.8). 

As you study the slide, notiee that the bundles of smooth 
muscle are oriented in several different direetions. What is the 
function of the myometrium (smooth muscle layer) during 
the birth proeess? 



A C T I V I T Y 7 


Uterine Tube 

Obtain a slide of a eross-seetional view of a uterine tube for 
examination. Notiee that the mucosal folds nearly fill the 
tubule lumen (Figure 42.9). Then switch to high power to 
examine the eiliated seeretory epithelium. H 
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The Mammary Glands 

The mammary glands exist within the breasts in both sexes, 
but they normally have a reproduction-related function only 
in females. Sinee the function of the mammary glands is to 
produce milk to nourish the newborn infant, their importanee 



Serosa 

Smooth 

muscle 

Highly 

folded 

mucosa 


Lumen 


is more elosely assoeiated with events that occur when repro- 
duction has already been aeeomplished. Periodie stimulation 
by the female sex hormones, espeeially estrogens, inereases 
the size of the female mammary glands at puberty. During 
this period, the duct system beeomes more elaborate, and fat 
is deposited—fat deposition is the more important contributor 
to inereased breast size. 

The rounded, skin-eovered mammary glands lie anterior 
to the peetoral muscles of the thorax, attaehed to them by 
eonneetive tissue. Slightly below the eenter of eaeh breast 
is a pigmented area, the areola, which surrounds a eentrally 
protmding nipple (Figure 42.10). 

Internally eaeh mammary gland eonsists of 15 to 25 
lobes which radiate around the nipple and are separated by 
fibrous eonneetive tisse and adipose, or fatty, tissue. Within 
eaeh lobe are smaller ehambers ealled lobules, eontaining 
the glandular alveoli that produce milk during laetation. The 
alveoli of eaeh lobule pass the milk into a number of laetif- 
erous ducts, which join to form an expanded storage eham- 
ber, the lactiferous sinus, as they approaeh the nipple. The 
sinuses open to the outside at the nipple. 



For instmetions on animal disseetions, see the dissee- 
tion exercises (starting on page 697) in the eat and fetal 
pig editions of this manual. 


Figure 42.9 Cross-sectional view of the uterine 
tube (12x). 
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Figure 42.10 Anatomy of laetating mammary gland. (a) Anterior view of partially 
disseeted breast. (b) Sagittal seetion of the breast. 
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Exercise 42 


GROUP GHALLEMGE 


Reprodiietive Homologues 

The reproductive system has many homologues, organs 
that are structurally similar in the male and female because 
they are derived from the same embryonie tissue. Some 


homologous structures also provide a similar function. 
Think of as many reproductive homologues as you ean and 
list them in the ehart below. Also, deseribe their similar 
functions. The first one is done for you. 


Group ehallenge: Reproductive Homologues 


Male 

homologue 

Female 

homologue 

Similar function 

testis 

ovary 

Both produce gametes. 




























Name 


Lab Time/Date 



Anatomy 
Reproductive System 


h 



Gross Anatomy of the Human Male Reproductive System 




1. List the two prineipal functions of the testis. 



and 


2. Identify all indieated structures or portions of structures on the diagrammatie view of the male reproductive system below 



> 




3. A eommon part of any physieal examination of the male is palpation of the prostate. How is this aeeomplished? 

(Think!)_ 

4. How might enlargement of the prostate interfere with urination or the reproductive ability of the male? 


5. Why are the testes loeated in the scrotum rather than inside the ventral body eavity? 
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Revievv Sheet 42 


6 . Mateh the terms in column B to the deseriptive statements in column A. 

Column A 

_ 1. copulatory organ/penetrating deviee 

_ 2. rmiseiilar passageway eonveying sperm to 

the ejaculatory duct; in the spermatie eord 

_ 3. transports both sperm and urine 

_ 4. sperm maturation site 

_ 5. loeation of the testis in adult males 

_ 6. loose fold of skin eneireling the glans penis 

_ 7. portion of the urethra between the prostate 

and the penis 

_ 8. empties a seeretion into the prostatie urethra 

_ 9. empties a seeretion into the intermediate part 

of the urethra 


Column B 

a. bulbo-urethral glands 

b. ductus (vas) deferens 
e. epididymis 

d. intermediate part of the urethra 

e. penis 

f. prepuce 

g. prostate 

h. prostatie urethra 

i. scrotum 

j. seminal gland 

k. spongy urethra 


7. Deseribe the eomposition of semen, and name all structures contributing to its formation. 


8. Of what importanee is the faet that seminal fluid is alkaline? 


9. What structures eompose the spermatie eord? 


Where is it loeated?_ 

10. Using the following terms, traee the pathway of sperm from the testes to the urethra: rete testis, epididymis, seminiferous 
tubule, ductus deferens. 


Gross Anatomy of the Human Female Reproductive System 


11. Name the structures eomposing the external genitalia, or vulva, of the female. 
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12. On the diagram below of a frontal seetion of a portion of the female reproductive system, identify all indieated structures. 



13. Identify the female reproductive system structures deseribed below. 

_ 1. site of fetal development 

_ 2. eopiilatory eanal 

_ 3. egg typieally fertilized here 

_ 4. beeomes ereet during sexual excitement 

_ 5. duct extending from ovaries to the uterus 

_ 6. partially eloses the vaginal eanal; a membrane 

_ 7. produces ooeytes, estrogens, and progesterone 

_ 8. fingerlike ends of the uterine tube 

14. Do any sperm enter the pelvie eavity of the female? Why or why not?_ 


15. What is an eetopie pregnaney, and how ean it happen? 


16. Put the following vestibular-perineal structures in their proper order from the anterior to the posterior aspeet: vaginal orifiee, 
anus, external urethral opening, and elitoris. 

Anterior limit: —> —> —» 
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17. Assume a couple has just consummated the sex aet and the sperm have been deposited in the vagina. Traee the pathway of 
the sperm through the female reproductive traet. 


18. Define ovulation. _ 

Mieroseopie Anatomy of Seleeted Male 
and Female Reproductive Organs 

19. The testis is divided into a number of lobes by eonneetive tissue. Eaeh of these lobes eontains one to four_ 

_, which eonverge to empty sperm into another set of tnbiiles ealled the 


20. What is the function of the cavernous bodies seen in the penis? 


21. Name the three layers of the uterine wall from the inside out. 


Which of these is sloughed during menses?_ 

Which eontraets during ehildbirth?_ 

22. Deseribe the epithelium found in the uterine tube. 


23. Deseribe the arrangement of the layers of smooth nrnsele in the seminal gland. 


24. What is the function of the stereoeilia exhibited by the epithelial eells of the mucosa of the epididymis? 
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25. On the diagram showing the sagittal seetion of the human testis, eorreetly identify all structures provided with leader lines. 



The Mammary Glands 

26. Mateh the key term with the eorreet deseription. 

_glands that produce milk during laetation 

_subdivision of mammary lobes that eontains alveoli 

_enlarged storage ehamber for milk 

_duct eonneeting alveoli to the storage ehambers 

_pigmented area surrounding the nipple 

releases milk to the outside 


Key: 

a. alveoli 

b. areola 

e. lactiferous duct 

d. lactiferous sinus 

e. lobule 

f. nipple 
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27. Using the key terms, eorreetly identify breast structures. 



a. adipose tissue 

b. areola 

e. lactiferous duct 

d. lactiferous sinus 

e. lobule eontaining alveoli 

f. nipple 



eiaviele 
Ist rib 


6th rib 


Peetoralis muscles 

intereostal muscles 


Fibrous eonneetive 
tissue stroma 


Skin 


28. Deseribe the procedure for self-examination of the breasts. (Men are not exempt from breast eaneer, you know!) 
























MATERIALS 

□ Three-dimensional models illustrating 
meiosis, spermatogenesis, and 
oogenesis 

□ Sets of "pop it" beads in two eolors 
with magnetie eentromeres, available 
in ehromosome Simulation Lab Aetivity 
from Ward's Natural Seienee 

□ Compound mieroseope 

□ Prepared slides of testis and human 
sperm 

□ Demonstration: mieroseopes set up to 
demonstrate the following stages of 
oogenesis in Asearis megaloeephala: 

Slide 1: Primary ooeyte with fertiliza- 
tion membrane, sperm nucleus, and 
aligned tetrads apparent 

Slide 2: Formation of the first polar 
body 

Slide 3: Seeondary ooeyte with dyads 
aligned 


ORJEGTIVES 

1. Define meiosis, gametogenesis, oogenesis, spermatogenesis, synapsis, 
haploid, zygote, and diploid . 

2. Cite similarities and differenees between mitosis and meiosis. 

3. Deseribe the stages of spermatogenesis and relate eaeh to the eross- 
seetional structure of the seminiferous tubule. 




4. Define spermiogenesis and relate the anatomy of sperm to their function. 

5. Deseribe the effeets of FSH and LH on testicular function. 

6. Discuss the mieroseopie structure of the ovary and identify primary, 
seeondary, and vesicular follieles, and the corpus luteum; list the hormones 
produced by the follieles and the corpus luteum. 

7. Relate the stages of oogenesis to folliele development in the ovary. 

8. Compare and eontrast spermatogenesis and oogenesis. 

9. Discuss the effeet of FSH and LH on the ovary, and deseribe the feedbaek 
relationship between anterior pituitary gonadotropins and ovarian 
hormones. 


10. List the phases of the menstmal eyele and discuss the hormonal eontrol 
of eaeh. 


Slide 4: Formation of the ovum and 
seeond polar body 


Slide 5: Fusion of the male and female 
pronuclei to form the fertilized egg 


PRE-LAB Q U I Z 


□ Prepared slides of ovary and uterine 
endometrium (showing menstmal, 
proliferative, and seeretory phases) 


M; 




MasteringA&P 8 For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



1. Human gametes eontain_ehromosomes. 

a. 13 b. 23 e. 36 d. 46 

2. The end product of meiosis is 

a. two diploid daughter eells e. four diploid daughter eells 

b. two haploid daughter eells d. four haploid daughter eells 

3. Circle the eorreet underlined terms. A grouping of four ehromatids, known 
as a dyad / tetrad. occurs only during mitosis / meiosis . 

4. _extend inward from the periphery of the seminiferous 

tubule and provide nourishment to the spermatids as they begin their 
transformation into sperm. 

a. Interstitial endoerine eells e. Sustentocytes 

b. Granulosa eells d. Folliele eells 

5. Circle the eorreet underlined term. The aerosome / midpieee of the sperm 
eontains enzymes involved in the penetration of the egg. 

6. Circle the eorreet underlined term. Within eaeh ovary, the immature ovum 
develops in a saelike structure ealled a corpus / folliele . 

7. As the primordial folliele grows and its epithelium ehanges from squamous 

to cuboidal eells, it beeomes a(n)_and begins to produce 

estrogens. 

a. ooeyte e. primary folliele 

b. oogonia d. primaryovum 

(Text continues on next page.) 
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Exercise 43 


8. Circle True or False. A sudden release of luteinizing 
hormone by the anterior pituitary triggers ovulation. 

9. Circle the eorreet underlined term. The corpus luteum / 
corpus albieans is a solid glandular structure with a 
sealloped lumen that develops from a ruptured folliele. 


10. The_phase of the female eyele occurs from 

days 1-5 and is signaled by the sloughing off of the thiek 
functional layer of the endometrium. 

a. endometrial e. proliferative 

b. menstrual d. seeretory 


H uman beings develop from the union of egg and sperm. 

Eaeh of these gametes is a unique eell produced either 
in the ovary or testis. IJnlike all other body eells, 
gametes have only half the normal ehromosome number and 
they are produced by a speeial type of nuclear division ealled 
meiosis. 

Meiosis 

The normal number of ehromosomes in most human 
body eells is 46, the diploid or 2 n ehromosomal number. 
This number is made up of two sets of similar ehromosomes, 
one set of 23 from eaeh parent. Thus eaeh body eell eontains 
23 pairs of similar ehromosomes ealled homologous ehro- 
mosomes or homologues (Figure 43.1). Eaeh member of a 
homologous pair eontains genes that eode for the same traits. 

Gametes eontain only one member of eaeh homologous 
pair of ehromosomes. Therefore eaeh human gamete eontains 
a total of 23 ehromosomes, the haploid or n ehromosomal 
number. When egg and sperm fuse they form a zygote that 
restores the diploid number of ehromosomes. The zygote 
divides by the proeess of mitosis to produce the multicellular 
human body. Reeall that mitosis is the proeess by which most 
body eells divide and it produces two diploid daughter eells 
eaeh eontaining 46 ehromosomes that are identieal to those of 
the mother eell (see Exercise 4). 

Gametogenesis is the proeess of gamete formation. It 
involves nuclear division by meiosis, which reduces the num- 
ber of ehromosomes by half. Before meiosis begins, the 
ehromosomes in the mother eells or stem eells are replieated 
just as they are before mitosis. The identieal eopies remain 
together as sister ehromatids. They are held together by a 
eentromere, forming a structure ealled a dyad (Figure 43.1). 

Two nuclear divisions, ealled meiosis I and meiosis II, 
occur during meiosis. Eaeh has the same phases as mito- 
sis—prophase, metaphase, anaphase, and telophase. Meiosis 
I is the reduction division. During prophase of meiosis I, the 
homologous ehromosomes pair up in a proeess ealled synap- 
sis that forms little groups of four ehromatids, ealled tetrads 
(Figure 43.1). During synapsis, the free ends of adjaeent 
maternal and paternal ehromatids wrap around eaeh other at 
one or more points, forming erossovers or ehiasmata. Cross- 
overs allow maternal and paternal ehromosomes to exchange 
genetie material. The tetrads align randomly at the metaphase 
plate so that either the maternal or paternal ehromosome may 
be on a given side of the plate. Then the two homologous 
ehromosomes, eaeh still eomposed of two sister ehromatids, 
are pulled to opposite ends of the eell. At the end of meiosis I, 
eaeh haploid daughter eell eontains one member of eaeh 
original homologous pair. 


Meiosis II begins immediately without replieation of 
the ehromosomes. The dyads align on the metaphase plate 
and the two sister ehromatids are pulled apart, eaeh now 
beeoming a full ehromosome. The net result of meiosis is 
four haploid daughter eells, eaeh eontaining 23 ehromo- 
somes. The events of erossover and the random alignment of 
tetrads during meiosis I introduce great genetie variability. 
As a result, it is unlikely that any gamete is exactly like 
another. 





Prophase I; 

tetrads form 
by synapsis of 
homologues 


Crossovers 

form 




Anaphase I; 

homologues 

separate 


Daughter eells 
of Meiosis I 






Anaphase 

sister 

ehromatids 

separate 








Daughter eells 
of Meiosis II 


Figure 43.1 Events of meiosis involving one pair of 
homologous ehromosomes. Male homologue ìs purple; 
female homologue is pink. 
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A C T I V I T Y 1 


Identifying Meiotie Phases 
and Structures 

1. Obtain a model depieting the events of meiosis, and fol- 
low the sequence of events during meiosis I and II. Identify 
prophase, metaphase, anaphase, and telophase in eaeh. Also 
identify tetrads and ehiasmata during meiosis I and dyads 
during meiosis II. Note ways in which the daughter eells 
resulting from meiosis I differ from the mother eell and how 
the gametes differ from both eell populations. Use the key 
on the model, your textbook, or an appropriate referenee as 
neeessary to aid you in these observations. 

2. Using strings of eolored “pop it” beads with magnetie 
eentromeres, demonstrate the phases of meiosis, including 
erossing over, for a eell with a diploid (2 n) number of 4. Use 
one bead eolor for the male ehromosomes and another eolor 
for the female ehromosomes. 


3. Ask your instmetor to verify the accuracy of your 
“ereation” before returning the beads to the supply area. M 


Spermatogenesis 

Human sperm production, or spermatogenesis, begins at 
puberty and continues without intermption throughout life. 
The average male ejaculation eontains about a quarter billion 
sperm. Because only one sperm fertilizes an ovum, it seems 
that nature has tried to ensure that the perpetuation of the spe- 
eies will not be endangered for laek of sperm. 

Spermatogenesis, the proeess of gametogenesis in males, 
occurs in the seminiferous tubules of the testes (Figure 43.2 
and Exercise 42). The primitive stem eells or spermatogonia, 
found at the tubule periphery, divide extensively to build up 
the stem eell line. Before puberty, all divisions are mitotie divi- 
sions that produce more spermatogonia. At puberty, however, 
under the influence of follicle-stimulating hormone (FSH) 
seereted by the anterior pituitary gland, eaeh mitotie division 
of a spermatogonium produces one spermatogonium and one 
primary spermatoeyte, which is destined to undergo meiosis. 
As meiosis occurs, the dividing eells approaeh the lumen of 
the tubule. Thus the progression of meiotie events ean be fol- 
lowed from the tubule periphery to the lumen. It is important 
to reeognize that spermatids, haploid eells that are the actual 
product of meiosis, are not functional gametes. They are non- 
motile eells and have too much excess baggage to function 
well in a reproductive eapaeity. A subsequent proeess, ealled 
spermiogenesis, strips away the extraneous eytoplasm from 
the spermatid, eonverting it to a motile, streamlined sperm. 



V 



Spermatogonium (2n) 


Mitosis 


t 



Primary spermatoeyte (2n) 



Grovvth phase 



Primary spermatoeyte (2n) 



Meiosis I (DNA replieated 

before division) 


Seeondary spermatoeyte (n) 




Meiosis II (DNA not replieated 

before division) 


Spermatids (n) 


Spermiogenesis 


Functional sperm (n) 


(a) 



Spermatogonia 


Primary 

spermatoeytes 


Spermatids 


lmmature 
sperm 
in lumen 


Sustentocytes 
(of testis) 


A C T I V I T Y 2 


Examining Events of Spermatogenesis 

1. Obtain a slide of the testis and a mieroseope. Examine the 
slide under low power to identify the eross-seetional views of 
the cut seminiferous tubules. Then rotate the high-power lens 
into position and observe the wall of one of the cut tubules 
(Figure 43.2). 

2. Semtinize the eells at the periphery of the tubule. The 
eells in this area are the spermatogonia. About half of these 
will form primary spermatoeytes, which begin meiosis. These 
are reeognizable by their pale-staining nuclei with eentrally 


(b) 

Figure 43.2 Spermatogenesis. (a) Flovvehart of meiotie 
events and spermiogenesis. (b) Mierograph of an aetive 
seminiferoiis tubule (275x). 

loeated nucleoli. The remaining daughter eells resulting from 
mitotie divisions of spermatogonia stay at the tubule periph- 
ery to maintain the germ eell line. 

3. Observe the eells in the middle of the tubule wall. There 
you should see a large number of spermatoeytes that are obvi- 
ously undergoing a nuclear division proeess. Look for eoarse 
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Exercise 43 


clumps of ehromatin or threadlike ehromosomes (visible 
only during nuclear division) that have the appearanee of 
eoiled springs. Attempt to differentiate between the larger 
primary spermatoeytes and the somewhat smaller seeondary 
spermatoeytes. Onee formed, the seeondary spermatoeytes 
quickly undergo division and so are more difficult to find. 

Can you see tetrads?_ 

Is there evidenee of erossover?_ 

In which loeation would you expect to see eells eontaining 
tetrads, eloser to the spermatogonia or eloser to the lumen? 


P 




Fluid medium 
of semen 


Tail 


Midpieee 


Head with 
aerosome 


-Sperm 


Would these eells be primary or seeondary spermatoeytes? 


Figiire 43.3 Sperm in semen. (1000x). 


4. Examine the eells at the tubule lumen. Identify the small 
round-nucleated spermatids, many of which may appear 
lopsided and look as though they are starting to lose their 
eytoplasm. See if you ean find a spermatid embedded in an 
elongated eell type—a sustentocyte, or Sertoli eell —which 
extends inward from the periphery of the tubule. The sustento- 
eytes nourish the spermatids as they begin their transformation 
into sperm. Also in the adluminal area (area toward the lumen), 
loeate immature sperm, which ean be identified by their tails. 
The sperm develop direetly from the spermatids by the loss of 
extraneous eytoplasm and the development of a propulsive tail. 

5. Identify the interstitial endoerine eells, also ealled Leydig 
eells, lying external to and between the seminiferous tubules. 
LH (luteinizing hormone) prompts these eells to produce 
testosterone, which aets synergistieally with FSH (folliele- 
stimulating hormone) to stimulate sperm production. Both 
LH and FSH are named for their effeets on the female gonad. 

In the next stage of sperm development, spermiogenesis, 
all the superficial eytoplasm is sloughed off, and the remain- 
ing eell organelles are eompaeted into the three regions of 
the mature sperm. At the risk of oversimplifying, these ana- 
tomieal regions are the head , the midpieee , and the tail, which 
eorrespond roughly to the aetivating and genetie region, the 
metabolie region, and the loeomotor region, respeetively. The 
mature sperm is a streamlined eell equipped with an organ of 
loeomotion and a high rate of metabolism that enable it to 
move long distanees quickly to get to the egg. It is a prime 
example of the eorrelation of form and function. 

The pointed sperm head eontains the DNA, or genetie 
material, of the ehromosomes. Essentially it is the nucleus of 
the spermatid. Anterior to the nucleus is the aerosome, which 
eontains enzymes neeessary for penetration of the egg. 

In the midpieee of the sperm is a eentriole which gives 
rise to the filaments that structure the sperm tail. Wrapped 
tightly around the eentriole are mitoehondria that provide the 
ATP needed for eontraetile aetivity of the tail. 

The tail is a typieal flagellum produced by a eentriole. 
When powered by ATP, the tail propels the sperm. 

6. Obtain a prepared slide of human sperm, and view it with 
the oil immersion lens. Identify the head, aerosome, and tail 
regions of the sperm (Figiire 43.3). Deformed sperm, for 


example sperm with multiple heads or tails, are sometimes 
present in such preparations. Did you observe any? 

_If so, deseribe them._ 


7. Examine the model of spermatogenesis to identify the 
spermatogonia, the primary and seeondary spermatoeytes, the 
spermatids, and the functional sperm. H 

Demonstration of Oogenesis 
in Asearis (Optional) 

Oogenesis (the proeess of producing an egg) in mammals is 
difficult to demonstrate. However, the proeess may be studied 
rather easily in the transparent eggs of Asearis megaloeeph- 
ala , an invertebrate roundworm parasite found in the intestine 
of mammals. Sinee its diploid ehromosome number is 4, the 
ehromosomes are easily counted. 


ACTI VITY 3 


Examining Meiotie Events Mieroseopieally 

Go to the demonstration area where the slides are set up, and 
make the following observations: 

1. Sean the first demonstration slide to identify a primary 
ooeyte , the eell type that begins the meiotie proeess. It will have 
what appears to be a relatively thiek eell membrane; this is the 
fertilization memhrane that the ooeyte produces after sperm 
penetration. Find and study a primary ooeyte that is undergoing 
meiosis I. Look for a barrel-shaped spindle with two tetrads 
(two groups of four beadlike ehromosomes) in it. Most often the 
spindle is loeated at the periphery of the eell. The sperm nucleus 
may or may not be seen, depending on how the eell was cut. 

2. Observe slide 2. Loeate a eell in which half of eaeh tetrad 
(a dyad) is being extruded from the eell surface into a smaller 
eell ealled th efirst polar body. 

3. On slide 3, attempt to loeate a seeondary ooeyte (a daugh- 
ter eell produced during meiosis I) undergoing meiosis II. 
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Figure 43.4 Oogenesis. Left # flovvehart of meiotie events. Right # eorrelation with 
folIicular development and ovulation ín the ovary. 


In this view, you should see two dyads (eaeh with two bead- 
like ehromosomes) on the spindle. 

4. On slide 4, loeate a eell in which the seeond polar body 
is being formed. In this ease, both it and the ovum will now 
eontain two ehromosomes, the haploid number for Asearis. 

5. On slide 5, identify a fertilized egg or a eell in which the 
sperm and ovum nuclei (actually pronuclei) are fusing to 
form a single nucleus eontaining four ehromosomes. ■ 

Human Oogenesis 
and the Ovarian Cycle 

Onee the adult ovarian eyele is established, gonadotropie 
hormones produced by the anterior pituitary influence the 
development of ova in the ovaries and their eyelie production 


of female sex hormones. Within an ovary, eaeh immature 
ovum develops within a saelike structure ealled a folliele, 
where it is eneased by one or more layers of smaller eells. The 
surrounding eells are ealled folliele eells if one layer is pres- 
ent and granulosa eells when more than one layer is present. 

The proeess of oogenesis, or female gamete formation, 
which occurs in the ovary, is similar to spermatogenesis 
occurring in the testis, but there are some important dif- 
ferenees. Oogenesis begins with primitive stem eells ealled 
oogonia, loeated in the ovarian eortiees of the developing 
female fetus (Figure 43.4). During fetal development, the 
oogonia undergo mitosis thousands of times until their num- 
ber reaehes 2 million or more. They then beeome encapsu- 
lated by a single layer of squamouslike folliele eells and form 
the primordial follieles of the ovary. By the time the female 
ehild is born, most of her oogonia have inereased in size and 
have beeome primary ooeytes, which are in the prophase 
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Exercise 43 
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Figure 43.5 Anatomy of the human ovary. (a) The ovary has been seetioned to reveal 
the follieles in its interior. Note that not all the structures would appear in the ovary at 
the same time. (b) Photomierograph of a mature vesicular (antral) folliele (75x). 


stage of meiosis I. Thus at birth, the female is presumed to 
have her lifetime supply of primary ooeytes. 

From birth until puberty, the primary ooeytes are qui- 
eseent. Then, under the influence of FSH, one or sometimes 
more of the follieles begin to undergo maturation approxi- 
mately every 28 days. 

As a folliele grows, its epithelium ehanges from squa- 
mous to cuboidal eells and it eomes to be ealled a primary 
folliele (Figure 43.4 and Figure 43.5). The primary folliele 
begins to produce estrogens, and the primary ooeyte eompletes 
its first maturation division, producing two haploid daughter 
eells that are very disproportionate in size. One of these is the 
seeondary ooeyte, which eontains nearly all of the eytoplasm 
in the primary ooeyte. The other is the tiny first polar body. 
The first polar body may then eomplete the seeond maturation 
division, producing two more polar bodies. These eventually 
disintegrate for laek of sustaining eytoplasm. 

As the folliele eontaining the seeondary ooeyte continues 
to enlarge, blood levels of estrogens rise. Initially, estrogen 
exerts a negative feedbaek influence on the release of gonado- 
tropins by the anterior pituitary. However, approximately in the 
middle of the 28-day eyele, as the folliele reaehes the mature 
vesicular (antral) folliele stage, rising estrogen levels beeome 
highly stimulatory and a sudden burstlike release of LH (and, 
to a lesser extent, FSH) by the anterior pituitary triggers ovula- 
tion. The seeondary ooeyte is extruded and begins its journey 
along the uterine tube to the uterus. If penetrated en route by 
a sperm, the seeondary ooeyte will undergo meiosis II, pro- 
ducing one large ovum and a tiny seeond polar body. When 
meiosis II is eomplete, the ehromosomes of the egg and sperm 
eombine to form the diploid nucleus of the fertilized egg. If 
sperm penetration does not occur, the seeondary ooeyte simply 
disintegrates without ever producing the female gamete. 


Thus in the female, meiosis produces only one functional 
gamete, in eontrast to the four produced in the male. Another 
major differenee is in the relative size and structure of the 
functional gametes. Sperm are tiny and equipped with tails 
for loeomotion. They have few organelles and virtually no 
nutrient-containing eytoplasm; henee the nutrients eontained 
in semen are essential to their survival. In eontrast, the egg is a 
relatively large nonmotile eell, well stoeked with eytoplasmie 
reserves that nourish the developing embryo until implanta- 
tion ean be aeeomplished. Essentially all the zygote’s organ- 
elles are provided by the egg. 

Onee the seeondary ooeyte has been expelled from the 
ovary, LH transforms the ruptured folliele into a corpus 
luteum, which begins producing progesterone and estro- 
gen. Rising blood levels of the two ovarian hormones inhibit 
FSH release by the anterior pituitary (Figure 43.7). As FSH 
deelines, its stimulatory effeet on follicular production of 
estrogens ends, and estrogen blood levels begin to deeline. 
Sinee rising estrogen levels triggered LH release by the ante- 
rior pituitary, falling estrogen levels result in deelining levels 
of LH in the blood. Corpus luteum seeretory function is main- 
tained by high blood levels of LH. Thus as LH blood levels 
begin to drop toward the end of the 28-day eyele, progester- 
one production ends and the corpus luteum begins to degener- 
ate and is replaeed by sear tissue, the corpus albieans. 


ACTI VITY 4 


Examining Oogenesis in the Ovary 

Because many different stages of ovarian development 
exist within the ovary at any one time, a single mieroseopie 
preparation will eontain follieles at many different stages of 
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development (Figure 43.5). Obtain a eross seetion of ovary 
tissue, and identify the following structures. 

Germinal epithelium: Outermost layer of the ovary. 

Primary folliele: One or a few layers of cuboidal eells sur- 
rounding the larger eentral developing ovum. 

Seeondary follieles: Follieles eonsisting of several layers 
of gramilosa eells surrounding the eentral developing ovum, 
and beginning to show evidenee of fluid accumulation and 
antrum (eentral eavity) formation. Folliele development may 
take more than one eyele. 

Vesicular (antral) folliele: At this stage of development, the 
folliele has a large antmrn eontaining fluid produced by the 
granulosa eells. The developing seeondary ooeyte is pushed 
to one side of the folliele and is surrounded by a capsule of 
several layers of granulosa eells ealled the eorona radiata 
(radiating crown). When the seeondary ooeyte is released, it 
enters the uterine tubes with its eorona radiata intaet. The eon- 
neetive tissue adjaeent to the mature folliele forms a capsule, 
ealled the theea folliculi, that eneloses the folliele. 

Corpus luteum: A solid glandular structure or a structure 
eontaining a sealloped lumen that develops from the ruptured 
folliele. H 


A C T I V I T Y 5 


Comparing and Contrasting Oogenesis 
and Spermatogenesis 

Examine the model of oogenesis, and eompare it with the 
spermatogenesis model. Note differenees in the number, size, 
and structure of the functional gametes. H 

The Menstmal Cycle 

The uterine eyele, or menstrual eyele, is hormonally eon- 
trolled by estrogens and progesterone seereted by the ovary. 
It is normally divided into three stages: menstmal, prolif- 
erative, and seeretory. Notiee how the endometrial ehanges 
(Figure 43.6) eorrelate with hormonal and ovarian ehanges 
(Figure 43.7). 

If fertilization has occurred, the embryo will produce a 
hormone much like LH, which will maintain the function of 
the corpus luteum. Otherwise, as the corpus luteum begins to 
deteriorate, laek of ovarian hormones in the blood causes blood 
vessels supplying the endometrium to kink and beeome spas- 
tie, setting the stage for menstmation to begin by the 28th day. 

Although 28 days is a eommon length for the menstmal 
eyele (Figure 43.7d), its length is highly variable, sometimes 
as short as 21 days or as long as 38. 


A C T I V I T Y 6 
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Observing Histologieal ehanges in the 
Endometriiim During the Menstrual Cyde 

Obtain slides showing the menstmal, seeretory, and prolifera- 
tive phases of the uterine endometrium. Observe eaeh eare- 
fully, eomparing their relative thieknesses and vascularity. 
As you work, refer to the eorresponding photomierographs 
(Figure 43.6). H 


Figure 43.6 Endometrial ehanges during the 
menstmal eyele. (a) Onset of menstruation (8x). 

(b) Early proliferative phase (10x). (e) Early seeretory 
phase (8x). 








































652 


Exercise 43 



(a) Fluctuation of gonadotropin levels: 

Fluctuating levels of pituitary gonadotropins 
(follicle-stimulating hormone and luteinizing 
hormone) in the blood regulate the events 
of the ovarian eyele. 





Primary Seeondary Vesicular Ovulation Corpus Degenerating 

folliele folliele folliele luteum corpus luteum 
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Follicular 
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Ovulation 
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(b) Ovarian eyele: Structural ehanges in the 
ovarian follieles during the ovarian eyele 
are eorrelated with (d) ehanges in the 
endometrium of the uterus during the 
uterine eyele. 


(e) Fluctuation of ovarian hormone levels: 

Fluctuating levels of ovarian hormones 
(estrogens and progesterone) cause the 
endometrial ehanges of the uterine eyele. 
The high estrogen levels are also 
responsible for the LFI/FSFI surge in (a). 
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phase 
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(d) The three phases of the uterine eyele: 

• Menstmal: The functional layer of the 
endometrium is shed. 

Approximately days 1-5. 

• Proliferative: The functional layer of 
the endometrium is rebuilt under 
influence of estrogens. 

Approximately days 6-14. Ovulation 
occurs at the end of this phase. 

• Seeretory: Begins immediately after 
ovulation under the influence of 
progesterone. Enriehment of the blood 
supply and glandular seeretion of 
nutrients prepare the endometrium to 
reeeive an embryo. 


Figure 43.7 Correlation of anterior pituitary and ovarian hormones with structural 
ehanges in the ovary and uterus. The time bar applies to all parts of the figure. 







































Meiosis 

1. The following statements refer to events occurring during mitosis and/or meiosis. For eaeh statement, deeide if the event 
occurs in (a) mitosis only, (b) meiosis only, or (e) both mitosis and meiosis. 

_1. dyads are visible 

_2. tetrads are visible 

_3. product is two diploid daughter eells genetieally identieal to the mother eell 

_4. product is four haploid daughter eells quantitatively and qualitatively different from the mother eell 

_5. involves the phases prophase, metaphase, anaphase, and telophase 

_6. occurs throughout the body 

_7. occurs only in the ovaries and testes 

_8. provides eells for growth and repair 

_9. homologues synapse; erossovers are seen 

_10. ehromosomes are replieated before the division proeess begins 

_11. provides eells for perpetuation of the speeies 

_12. eonsists of two consecutive nuclear divisions, without ehromosomal replieation occurring before 

the seeond division 

2. Deseribe the proeess of synapsis_ 




3. How does erossover introduce variability in the daughter eells? 


4. Define homologous ehromosomes. 
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Revievv Sheet 43 


Spermatogenesis 

5. The eell types seen in the seminiferous tubules are listed in the key. Mateh the eorreet eell type or types with the deseriptions 
given below. 

Key: a. primary spermatoeyte e. spermatogonium e. spermatid 

b. seeondary spermatoeyte d. sustentocyte f. sperm 

_1. primitive stem eell 4. products of meiosis II 

_2. haploid 5. product of spermiogenesis 

_3. provides nutrients to 6. product of meiosis I 

developing sperm 

6 . Why are spermatids not eonsidered functional gametes?_ 


7. Differentiate between spermatogenesis and spermiogenesis. 


8. Draw a sperm below, and identify the aerosome, head, midpieee, and tail. Then beside eaeh label, note the eomposition and 
function of eaeh of these sperm structures. 


9. The life span of a sperm is very short. What anatomieal eharaeteristies might lead you to suspect this even if you don’t know 
its life span?_ 

Oogenesis, the Ovarian Cycle, and the Menstmal Cycle 

10. The sequence of events leading to germ eell formation in the female begins during fetal development. By the time the ehild 

is born, all viable oogonia have been eonverted to_ 

In view of this faet, how does the total germ eell potential of the female eompare to that of the male? 


11. The female gametes develop in structures ealled follieles. What is a folliele? 
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How are primary and vesicular follieles anatomieally different? 


What is a corpus luteum? 


12. What is the major hormone produced by the vesicular folliele?_ 

By the corpus luteum?_ 

13. Use the key to identify the eell type you would expect to find in the following structures. The items in the key may be used 
onee, more than onee, or not at all. 

Key: a. oogonium b. primary ooeyte e. seeondary ooeyte d. ovum 

_1. forming part of the primary folliele in the _3. in the mature vesicular folliele of the ovary 

ovary 


_2. in the uterine tube before fertilization 

14. The cellular product of spermatogenesis is four_ 

_and three_ 

division seen during oogenesis in the female?_ 


4. in the uterine tube shortly after sperm penetration 

_; the final product of oogenesis is one 

_. What is the function of this unequal eytoplasmie 


What is the fate of the three tiny eells produced during oogenesis?_ 

Why?_ 

15. The following statements deal with anterior pituitary and ovarian hormones and with hormonal interrelationships. Name 
the hormone(s) deseribed in eaeh statement. 

_1. produced by primary follieles in the ovary 

_2. ovulation occurs after its burstlike release 

_ and_3. exert negative feedbaek on the anterior pituitary relative 

to FSH seeretion 

_4. stimulates LH release by the anterior pituitary 

_5. stimulates the corpus luteum to produce progesterone and estrogen 

_6. maintains the hormonal production of the corpus luteum in a nonpregnant woman 


16. Why does the corpus luteum deteriorate toward the end of the ovarian eyele? 
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17. For eaeh statement below dealing with hormonal blood levels during the female ovarian and menstmal eyeles, deeide 
whether the eondition in column A is usually (a) greater than, (b) less than, or (e) essentially equal to the eondition in 
column B. 

Column A Column B 

_1. amount of LH in the blood.amount of LH in the blood at ovulation 

during menstmation 

_2. amount of FSH in the blood. amount of FSH in the blood on day 20 of the eyele 

on day 6 of the eyele 

_3. amount of estrogen in the blood.amount of estrogen in the blood at ovulation 

during menstmation 

_4. amount of progesterone in the blood.amount of progesterone in the blood on day 23 

on day 14 

_5. amount of estrogen in the blood.amount of progesterone in the blood on day 10 

on day 10 

18. What uterine tissue undergoes dramatie ehanges during the menstmal eyele?_ 

19. When during the female menstmal eyele would fertilization be unlikely? Explain why_ 


20. Assume that a woman could be an “on demand” ovulator like the rabbit, in which copulation stimulates the hypothalamie- 
pituitary-gonadal axis and causes LH release, and an ooeyte was ovulated and fertilized on day 26 of her 28-day eyele. Why 
would a successful pregnaney be unlikely at this time? 


21. The menstmal eyele depends on events within the female ovary. The stages of the menstmal eyele are listed below. For eaeh, 
note its approximate time span and the related events in the uterus; and then to the right, reeord the ovarian events occurring 
simultaneously. Pay particular attention to hormonal events. 


Menstrual eyele stage 

Llterine events 

Ovarian events 

Menstmation 



Proliferative 



Seeretory 


























MATERIALS 


Survey of Embryonie 

Development 


□ Prepared slides of sea urchin 
development (zygote through 
larval stages) 

□ Compound mieroseope 

□ Three-dimensional human 
development models or plaques 
(if available) 

□ Demonstration: Phases of human 
development in Life Before Birth: 
Normal Fetal Deveiopment, Seeond 
Edition (by Marjorie A. England, 1996, 
Mosby-Wolfe) 

□ Disposable gloves 

□ Demonstration: Pregnant eat, rat, or 
pig uterus (one per laboratory session) 
with uterine wall disseeted to allow 
student examination 

□ Three-dimensional model of pregnant 
human torso 

□ Demonstration: Fresh or formalin- 
preserved human plaeenta (obtained 
from a elinieal ageney) 

□ Prepared slide of plaeenta tissue 


: 




MasteringA&P® For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PAL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 






OBJEGTIVES 

1. Define fertilization and zygote. 

2. Define and discuss the function of eleavage and gastrulation. 

3. Differentiate between the blastula and gastrula forms of the sea urchin 
and human using appropriate models or diagrams. 

4. Define blastoeyst. 

5. Identify the following structures of a human blastoeyst on an appropriate 
diagram, and state the function of eaeh. 

inner eell mass ehorionie villi yolksae 

trophoblast amnion allantois 

6. Deseribe the proeess and timing of implantation in the human. 

7. Define decidua basalis and decidua capsularis. 

8. Name the three primary germ layers and list the organs or organ systems 
that arise from eaeh in the human. 

9. Deseribe developmental direetion. 

10. Deseribe the gross anatomy and general function of the human plaeenta. 




PRE-LAB Q U I Z 

1. Circle the eorreet underlined term. The fertilized egg, or zygote / embryo. 
appears as a single eell surrounded by a fertilization membrane and a 
jellylike membrane. 

2. The uniting of the egg and sperm nuclei is known as 

a. embryogenesis e. implantation 

b. fertilization d. mitosis 

3. Circle True or False. eieavage is a series of mitotie divisions without any 
intervening growth periods and results in a multicellular embryonie body. 

4. Circle the eorreet underlined term. As a result of gastrulation, a three / four - 
layered embryo forms, with eaeh layer eorresponding to a primary germ layer. 

5. The_implants in the uterine wall. 

a. zygote e. blastoeyst 

b. morula d. gastmla 

6. The_gives rise to the epidermis of the skin and the nervous system. 

a. eetoderm b. endoderm e. mesoderm 

7. By the ninth week of development, the embryo is referred to as a 

a. blastoeyst e. fetus 

b. blastomere d. gastrula 

8. Circle True or False. The plaeenta is eomposed solely of embryonie 
membranes. 

9. Circle the eorreet underlined term. The allantois / amnion eneases the young 
embryonie body in a fluid-filled ehamber that aets to proteet the developing 
embryo against trauma. 

10. What is the function of the plaeenta?_ 
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Exercise 44 


B ecause reproduction is such a familiar event, we tend 

to lose sight of the wonder of the proeess. One part 
of that proeess, the development of the embryo, is the 
eoneern of embryologists who study the ehanges in structure 
that occur from the time of fertilization until the time of birth. 

Early development in all animals involves three basie 
types of aetivities, which are integrated to ensure the forma- 
tion of a viable offspring: (1) an inerease in eell number and 
subsequent eell growth; (2) cellular speeialization; and (3) 
morphogenesis, the formation of functioning organ systems. 
This exercise first provides a rather broad overview of the 
ehanges in structure that take plaee during embryonie devel- 
opment in sea urchins. The pattern of ehanges in this marine 
animal provides a basis of eomparison with developmental 
events in the human. 

Developmental Stages 
of Sea llrehins and Humans 


A C T I V I T Y 1 


Mieroseopie Study 

of Sea llrehin Development 

1. Obtain a compound mieroseope and a set of slides depiet- 
ing embryonie development of the sea urchin. 

2. Observe the fertilized egg, or zygote, which appears as a 
single eell immediately surrounded by a jellylike membrane 
and a fertilization membrane. After an egg is penetrated by 
a sperm, the egg and the sperm nuclei fuse to form a single 
nucleus. This proeess is ealled fertilization. Within 2 to 5 
minutes after sperm penetration, a fertilization membrane 
forms beneath the jelly eoat to prevent the entry of additional 
sperm. Draw the zygote and label the fertilization and jelly 
membranes. 


Zygote 





3. Observe the eleavage stages. Onee fertilization has 
occurred, the zygote begins to divide, forming a mass of suc- 
eessively smaller and smaller eells, ealled blastomeres. This 
series of mitotie divisions without intervening growth periods 
is referred to as eleavage, and it results in a multicellular 
embryonie body. The eleavage stage of embryonie develop- 
ment provides a large number of building bloeks (eells) with 
which to fashion the forming body. (If this is a little difficult 
to understand, eonsider trying to build a structure with a huge 
bloek of granite rather than with small brieks.) 

As the division proeess continues, a solid ball of eells 
forms. At the 32-eell stage, it is ealled the morula, and the 
embryo resembles a raspberry in form. Then the eell mass 
hollows out to beeome the embryonie form ealled the blas- 
tula, which is a ball of eells surrounding a eentral eavity. The 
blastula is the final product of eleavage. 


Identify and sketeh the blastula stage of eleavage—a ball 
of eells with an apparently lighter eenter due to the presenee 
of the eentral eavity. 


Blastula 

4. Identify the early gastrula form, which follows the blas- 
tula in the developmental sequence. The gastmla looks as 
if one end of the blastula has been indented or pushed into 
the eentral eavity, forming a two-layered embryo. In time, a 
third layer of eells appears between the initial two eell lay- 
ers. Thus, as a result of gastmlation, a three-layered embryo 
forms, eaeh layer eorresponding to a primary germ layer 
from which all body tissues develop. The innermost layer, 
the endoderm, and the middle layer, the mesoderm, form the 
internal organs; the outermost layer, the eetoderm, forms the 
surface tissues of the body. 

Draw a gastmla below. Label the eetoderm and endo- 
derm. If you ean see the third layer of eells, the mesoderm, 
budding off between the other two layers, label that also. 


Gastmla 

5. Gastmlation in the sea urchin is followed by the appear- 
anee of the free-swimming larval form, in which the three 
germ layers have differentiated into the various tissues and 
organs of the animal’s body. 

The larvae exist for a few days in the unattached form and 
then settle to the oeean bottom to attaeh and develop into the 
sessile adult form. If time allows, observe the larval form on 
the prepared slides. M 


A C T I V I T Y 2 


Examining the Stages 
of Human Development 

Use the images in this exercise (Figure 44.1 and 
Figure 44.2) and models or plaques of human development 
to identify the various stages of development and respond to 
the questions posed below. 

1. Observe the fertilized egg, or zygote, which appears as a 
single eell immediately surrounded by a jellylike zona pellu- 
eida and then a crown of gramilosa eells (the eorona radiata). 

2. Next, observe the eleavage stages. 
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(a) Zygote 

(fertilized egg) 


(b) 4-eell stage 

2 days 


(e) Mornla (a solid ball 
of blastomeres). 

3 days 


Zona 


(d) Early blastoeyst 

(Morula hollows out, 
fills with fluid, and 
“hatehes” from the 


zona pellucida). 


4 days 


Llterine 

tube 


Fertilization 

(sperm 
meets and 
enters egg) 


(e) Implanting blastoeyst 

(Oonsists of a sphere 
of trophoblast eells and 
an eeeentrie eell cluster 
ealled the inner eell 
mass). 7 days 


Ooeyte 

(egg) 



Inner eell 
mass 


Figure 44.1 Early embryonie development of the 
human. Sequential developmental ehanges from 
fertilization to blastoeyst and implantation in the uterus 


Is the human eleavage proeess similar to that in the sea 
urchin? 


Why do you suppose this is so? 


Observe the blastula, the final product of eleavage, which 
is ealled the blastoeyst in the human. Unlike the sea urchin, 
only a portion of the blastoeyst eells in the human contributes 
to the formation of the embryonie body—those seen at one 
side of the blastoeyst (Figure 44. le) forming the inner eell 
mass (ICM). The rest of the blastoeyst—that enelosing the 
eentral eavity and overriding the ICM—is referred to as the 
trophoblast. The trophoblast beeomes an extraembryonic 
membrane ealled the ehorion, which forms the fetal portion 
of the plaeenta. The ICM beeomes the embryonie dise, 
which forms the embryo proper. 

3. Observe the implanting blastoeyst shown on the model 
or in the figures. By approximately the seventh day after 


ovulation, a developing human embryo (blastoeyst) is float- 
ing free in the uterine eavity. About that time, it adheres to 
the uterine wall over the ICM area, and implantation begins. 
The trophoblast eells seerete enzymes that erode the uterine 
mucosa at the point of attaehment to reaeh the vascular sup- 
ply in the submucosa. By the fourteenth day after ovulation, 
implantation is eompleted and the uterine mucosa has grown 
over the burrowed-in embryo. The portion of the uterine wall 
beneath the ICM, destined to take part in plaeenta formation, 
is ealled the decidua basalis and that surrounding the rest of 
the blastoeyst is ealled the decidua capsularis. Identify these 
regions. 

By the time implantation has been eompleted, embryonie 
development has progressed to the gastmla stage, and the 
three primary germ layers are present and are beginning to 
differentiate (Figure 44.2). Within the next 6 weeks, virtually 
all of the body organ systems will have been laid down at 
least in mdimentary form by the germ layers. The outermost 
layer, eetoderm , gives rise to the epidermis of the skin and the 
nervous system. The deepest layer, the endoderm , forms the 
mucosa of the digestive and respiratory traets and assoeiated 
glands. Mesoderm , the middle layer, forms virtually every- 
thing lying between the two (skeleton, walls of the digestive 
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Exercise 44 




n Extraembryonic 
mesoderm 


Lumen of uterus 


Endometrium 


Amniotie 


Maternal 
blood vessels 


Prolife rating 
syneytiotrophoblast 

Cytotrophoblast 

Amniotie eavity 


Bilayered 
embryonie dise 

Epiblast^ " 

• Hypoblast 


Endometrial 

epithelium 


Chorion 
being formed 


Lacuna (intervillous 
spaee) eontaining 
maternal blood 


Chorionic villus 


Chorion 

Amnion 


Yolk sae 


eavity 


Primary 


germ 


layers 


Eetoderm 

Mesoderm 

Endoderm 


Forming 

umbilical 

eord 


Allantois 


Extraembryonic 

eoelom 


(a) Implanting 7V2-day 
blastoeyst. 


(b) 12-day blastoeyst. 


(e) 16-day embryo. 


Figure 44.2 Events of plaeentation, early 
embryonie development, and extraembryonic 
membrane formation. 


organs, urinary system, skeletal muscles, circulatory system, 
and others). 

All the groundwork has been eompleted by the eighth 
week. By the ninth week of development, the embryo is 
referred to as a fetus, and from this point on, the major aetivi- 
ties are growth and tissue and organ speeialization. 

4. Again observe the blastoeyst to follow the formation of 
the embryonie membranes and the plaeenta (Figure 44.2). 
Notiee the villus extensions of the trophoblast. By the time 
implantation is eomplete, the trophoblast has differentiated 
into the ehorion, and its large elaborate villi are lying in the 
blood-filled sinusoids in the uterine tissue. This eomposite 
of uterine tissue and ehorionie villi is ealled the plaeenta 
(Figure 44.3), and all exchanges to and from the embryo 
occur through the ehorionie membranes. 

Three embryonie membranes (originating in the ICM) 
have also formed by this time—the amnion, the allantois, and 
the yolk sae (Figure 44.2). Attempt to identify eaeh. 

The amnion eneases the young embryonie body in a 
fluid-filled ehamber that proteets the embryo against me- 
ehanieal trauma and temperature extremes and prevents 
adhesions during rapid embryonie growth. 

The yolk sae in humans has lost its original function, 
which was to pass nutrients to the embryo after digesting 
the yolk mass. The plaeenta has taken over that task; also, 
the human egg has very little yolk. However, the yolk 
sae is not totally useless. The embryo’s first blood eells 
originate here, and the primordial germ eells migrate 
from it into the embryo’s body to seed the gonadal tissue. 

The allantois, which protmdes from the posterior end of 
the yolk sae, is also largely redundant in humans because 
of the plaeenta. In birds and reptiles, it is a repository for 



Decidua basalis 
Maternal blood 


Chorionic villus 

Llmbilieal blood 
vessels in 
umbilical eord 

Amnion 

Amniotie eavity 
Yolk sae 


Lumen 
of uterus 


mr*' * 


Extraembryonic 

eoelom 

Chorion 

Decidua 

capsularis 


(d) 4 V 2 -week embryo. 


embryonie wastes. In humans, it is the structural basis 
on which the mesoderm migrates to form the umbilical 
eord, which attaehes the embryo to the plaeenta. 

5. Go to the demonstration area to view the photographie 
series, Life Before Birth: Normal Fetal Development. These 
photographs illustrate human development in a way you will 
long remember. After viewing them, respond to the following 
questions. 


In your own words, what do the ehorionie villi look like? 
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What organs or organ systems appear very early in embryonie • piaeenta (a eomposite structure formed from the uterine 
development? mucosa and the fetal ehorion). 

- Deseribe its appearanee_ 


Does development occur in a rostral to caudal (head to toe) 
direetion, or viee versa? 


Does development occur in a distal to proximal direetion, or 
viee versa? 


Umbilical eord. Deseribe its relationship to the plaeenta 
and fetus. 


Does spontaneous movement occur in utero? 
How does the mother reeognize this?_ 


The very young embryo has been deseribed as resembling “an 
astronaut suspended and floating in spaee.” Do you think this 
definition is appropriate? 


Why or why not? 


• Amniotie sae. Identify the transparent amnion surround- 
ing a fetus. Open one amniotie sae and note the amount, 
eolor, and eonsisteney of the fluid. 


Remove a fetus and observe the degree of development of the 
head, body, and extremities. Is the skin thiek or thin? 


What is vernix easeosa? 


What is the basis for your response? 


What is lanugo?_ 

2. Observe the model of a pregnant human torso. Identify 
the plaeenta. How does it differ in shape from the animal 
plaeenta observed? 


In Lltero Development 


A C T I V I T Y 3 


Identifying Fetal Structures 

Identify the umbilical eord. In what region of the uterus does 
1. Put on disposable gloves. Go to the appropriate demon- implantation usually occur, as indieated by the position of the 
stration area and observe the fetuses in the Y-shaped animal plaeenta? 

(eat, rat, or pig) uterus. Identify the following fetal or fetal- 
related structures: 
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What might be the consequence if it occurred lower? 


Which is the fetal side? 


What is the basis for your conclusion? 


Why would a feet-first position (breeeh presentation) be less 
desirable than the positioning of the model? 


Identify the umbilical eord. Within the eord, identify the um- 
bilieal vein and two umbilical arteries. What is the function 
of the umbilical vein? 


The umbilical arteries? 


Gross and Mieroseopie 
Anatomy of the Plaeenta 

The plaeenta is a remarkable temporary organ. Composed 
of maternal and fetal tissues, it is responsible for providing 
nutrients and oxygen to the embryo and fetus while removing 
earbon dioxide and metabolie wastes. 


2. Obtain a mieroseope slide of plaeental tissue. Observe 
the tissue carefully and identify the intervillous spaees (lacu- 
nae), which are blood-filled in life (Figure 44.3). Identify 
the villi, and notiee their rieh vascular supply. Draw a small 
representative diagram of your observations below and label 
it appropriately. 



A C T I V I T Y 4 



Studying Plaeental Structure 

1. Notiee that the human plaeenta on display has two very 
different-appearing surfaces—one smooth and the other 
spongy, roughened, and torn-looking. 


Plaeenta 


Decidua basalis 



Maternal 

arteries 


Maternal 


Decidua 
capsularis 

Extraembryonic 

eoelom 


Chorionic villi 


Yolk sae 
Amnion 


Amniotie eavity 
llmbilieal eord 


Chorionic villus 
eontaining fetal 
eapillaries 

Maternal blood 
in intervillous 
spaee 

Uterus 

Lumen of 
uterus 



Fetal arteriole 
Fetal venule 

Amnion 
Umbilical eord 


Myometrium 


Stratum basalis 
of endometrium 


Maternal portion 
of plaeenta 
(decidua basalis) 


Fetal portion of 
plaeenta (ehorion) 


Umbilical arteries 
Umbilical vein 

Connection to yolk sae 


Figure 44.3 Diagrammatie representation of the structure of the plaeenta for a 
13-week fetus. 
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Developmental Stages of Sea llrehins and Humans 

1. Define zygote _ 

2. Deseribe how you were able to tell by observation when a sea urchin egg was fertilized. _ 


3. Use the key ehoiees to identify the embryonie stage or proeess deseribed below. 

Key: a. blastoeyst (blastula in sea urchins) e. fertilization e. mornla 

b. eleavage d. gastmlation f. zygote 

_1. proeess of male and female pronuclei fusion 

_2. solid ball of embryonie eells 

_3. proeess of rapid mitotie eell division without intervening growth periods 

_4. eell resulting from eombination of egg and sperm 

_5. proeess involving eell rearrangements to form the three primary germ layers 

_6. embryonie stage in which the embryo eonsists of a hollow ball of eells 

4. What is the importanee of eleavage in embryonie development?_ 


How is eleavage different from mitotie eell division, which occurs later in life? 


5. The eells of the human blastoeyst have various fates. Which blastoeyst derivatives have the following fates? 
_1. forms the embryo proper 

_2. beeomes the ehorion and eooperates with uterine tissues to form the plaeenta 

_3. produces the amnion, yolk sae, and allantois 

_4. produces the primordial germ eells 

_5. 


an embryonie membrane that provides the structural basis for the umbilical eord 
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6. Using the letters on the diagram, eorreetly identify eaeh of the following maternal or embryonie structures. 


amnion 

ehorionie villi 

decidua 

formine 

ehorion 

decidua basalis 

capsularis 

umbilical eord 



eetoderm 

mesoderm 



endoderm 

uterine eavitv 



Embryo 



7. Explain the proeess and importanee of gastmlation. 


8. What is the function of the amnion and the amniotie fluid? 


9. Deseribe the proeess of implantation, noting the role of the trophoblast eells. 


10. How many days after fertilization is implantation generally eompleted? 
ordinarily occurs just about this time if implantation does not occur?_ 


What event in the female menstmal eyele 
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11. What name is given to the part of the uterine wall direetly under the implanting embryo? 

That surrounding the rest of the embryonie structure?_ 

12. Using an appropriate referenee, find out what decidua means and state the definition_ 


How is this terminology applieable to the deciduas of pregnaney? 


13. Referring to the illustrations and text of Life Before Birth: Normal Fetal Development, answer the following: 

Which two organ systems are extensively developed in the very young embryo? 

_and_ 

Deseribe the direetion of development by eireling the eorreet deseriptions below: 
proximal-distal distal-proximal caudal-rostral rostral-caudal 

Does body eontrol during infaney develop in the same direetions? Think! Can an infant piek up a eommon pin (pineer grasp) 
or wave his arms earlier? Is arm-hand or leg-foot eontrol aehieved earlier? 


14. Note whether eaeh of the following organs or organ systems develops from the (a) eetoderm, (b) endoderm, or (e) mesoderm. 
Use an appropriate referenee as neeessary. 

_1. skeletal miisele 4. respiratory mucosa 7. nervoiis system 

_2. skeleton 5. eireiilatory system 8. serosa membrane 

_3. lining of gut 6. epidermis of skin 9. liver, panereas 


In Lltero Development 

15. Make the following eomparisons between a human and the disseeted structures of a pregnant animal. 


Comparison objeet 

Human 

Disseeted animal 

Shape of the plaeenta 



Shape of the uterus 




16. Where in the human uterus do implantation and plaeentation ordinarily occur? 


17. Deseribe the function(s) of the plaeenta. 
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What embryonie membranes has the plaeenta more or less í4 put out of business”? 


18. When does the human embryo eome to be ealled a fetus?_ 

19. What is the usual and most desirable fetal position in utero? 

Why is this the most desirable position?_ 


Gross and Mieroseopie Anatomy of the Plaeenta 

20. Deseribe fully the gross structure of the human plaeenta as observed in the laboratory. 


21. What is the tissue origin of the plaeenta: fetal, maternal, or both? 

22. What plaeental barriers must be erossed to exchange materials? _ 


















MATERIALS 

□ Pennies (for eoin tossing) 

□ PTC (phenylthioearbamide) taste strips 

□ Sodium benzoate taste strips 

□ Chart dravvn on board for tabulation 
of elass results of human phenotype/ 
genotype determinations 

Aetivity 5: Blood typing 

□ Anti-A and Anti-B sera 

□ Clean mieroseope slides 

□ Toothpieks 

□ Wax peneils 

□ Sterile laneets 

□ Aleohol svvabs 

□ Beaker eontaining 10% bleaeh solution 

□ Disposable autoclave bag 

Aetivity 6: Hemoglobin phenotyping 

□ Eleetrophoresis equipment and povver 
supply 

□ 1.2% agarose gels 

□ IX TBE (Tris-Borate/EDTA) buffer pH 8.4 

□ Mieropipette or variable 
automicropipette vvith tips 

□ Marking pen 

□ Safety goggles (student-provided) 

□ Metrie ruler 

□ Plastie baggies 

□ Disposable gloves 

□ Coomassie blue protein stain solution 

□ Coomassie blue de-stain solution 

□ Distilled vvater 

□ Staining tray 

□ 100-ml gradulated eylinder 

□ Hemoglobin samples dissolved in TBE 
solubiIizing bufferwith bromophenol 
blue: HbA, labeled A; HbS, labeled S; 
HbA + HbS, labeled AS; and unknown 
samples of eaeh 


M 



MasteringA&P @ For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PFIix 


OBJECTIVES 

1. Define allele, heterozygous, homozygous, dominanee, reeessiveness, 
genotype, phenotype, and ineomplete domínanee. 

2. Work simple geneties problems using a Punnett square. 

3. State the basie laws of probability. 

4. Observe seleeted human phenotypes, and determine their genotype 
basis. 

5. Separate variants of hemoglobin using agarose gel eleetrophoresis. 




PRE-LAB Q U I Z 

1. Circle the eorreet underlined term. Genes that eode for the same genetie 
trait are alleles / sister ehromatìds . 

2. Circle True or False. A heterozygous individual will have two of the same 
alleles in a ehromosome pair. 

3. The allele with less poteney, which is present but not expressed, is the 
_allele. 

a. dominant 

b. genotypie 

e. homozygous 

d. reeessive 

4. Circle the eorreet underlined term. The physieal appearanee of an 
individual's genetie makeup, the eharaeteristies that we ean see, is that 
person's aenotype / phenotype . 

5. A_is used to demonstrate the genotypes of potential offspring 

that might result from mating. 

a. karyotype 

b. phenotype eross 

e. Punnett square 

6. A eondition known as_ean result when heterozygous individuals 

exhibit a phenotype intermediate between homozygous individuals, and 
both alleles are expressed in the offspring. 

a. ineomplete dominanee 

b. sex-linked inheritanee 
e. total dominanee 

d. total heterozygosity 

7. Circle the eorreet underlined term. Possession of the X / Y ehromosome 
determines maleness. 

8. Circle True or False. The Y ehromosome is only about one-third the size of 
the X ehromosome, and it laeks many of the genes that are found on the 
X ehromosome. 

9. Circle True or False. Males are more likely to inherit hemophilia because 
it is a result of reeeiving the sex-linked gene from the father. 

10. Circle True or False. The inheritanee of ABO blood type involves three 
possible alleles. 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 
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Exercise 45 


T he field of geneties is bristling with excitement. Com- 

plex gene-splieing techniques have allowed researehers 
to preeisely isolate genes eoding for speeifie proteins 
and then to use those genes to harvest large amounts of spe- 
eifie proteins and even to cure some dreaded human diseases. 
At present, growth hormone, insulin, erythropoietin, and in- 
terferon produced by these genetie engineering techniques 
are available for elinieal use, and the list is growing daily. 

IJnderstanding the geneties involved in such studies 
requires arduous training. However, anyone ean gain a basie 
understanding and appreeiation of how genes regulate our 
various traits (dimples and hair eolor, for example). This 
exercise provides a “geneties sampler,” a relatively simple 
introduction to the prineiples of heredity. 


lntroduction to the 
Language of Geneties 


1 

5 


In humans all eells, except eggs and sperm, eontain 46 ehro- 
mosomes, that is, the diploid number. This number is estab- 
lished when fertilization occurs and the egg and sperm fuse, 
eombining 23 ehromosomes—the haploid number—eaeh is 
earrying. The diploid ehromosomal number is maintained 
throughout life in nearly all eells of the body by the proeess 
of mitosis. The diploid ehromosomal number actually rep- 
resents two eomplete (or nearly eomplete) sets of genetie 
instmetions—one from the mother and the other from the 
father—or 23 pairs of homologons ehromosomes. 

Genes eoding for the same traits on eaeh pair of homolo- 
gous ehromosomes are ealled alleles. The alleles may be 
identieal or different in their influence. For example, the pair 
of alleles eoding for hairline shape on your forehead may 
speeify either straight aeross or widow’s peak. When both 
alleles in a homologous ehromosome pair have the same 
expression, the individual is homozygous for that trait. When 
the alleles differ in their expression, the individual is hetero- 
zygous for the given trait; and often only one of the alleles, 
ealled the dominant gene, will exert its effeets. The allele 
with less poteney, the reeessive gene, will be present but 
suppressed. Whereas dominant genes, or alleles, exert their 
effeets in both homozygous and heterozygous eonditions, as 
a rule reeessive alleles must be present in double dose (homo- 
zygosity) to exert their influence. 

An individual’s actual genetie makeup, that is, whether 
he is homozygous or heterozygous for the various alleles, 
is ealled his genotype. The expression of the genotype, for 
example, the presenee of a widow’s peak or not (Figure 45.2) 
is referred to as a phenotype. 

The eomplete story of heredity is much more complex 
than just outlined, and in actuality the expression of many 
traits (for example, eye eolor) is determined by the interaetion 
of many allele pairs. However, our emphasis here will be to 
investigate only the less complex aspeets of geneties. 


Dominant-Reeessive 

inheritanee 


monk of the mid-1800s, found evidenee in these experiments 
that eaeh gamete contributes just one allele to eaeh pair in 
the zygote. 

To work out the various simple monohybrid (one pair 
of alleles) erosses in this exercise, you will be given the 
genotype of the parents. You will then determine the possible 
genotypes of their offspring by using a grid ealled the Punnett 
square, and you will reeord the pereentages of both genotype 
and phenotype. To illustrate the procedure, an example of one 
of Mendel’s pea plant erosses is outlined next. 

Alleles: T (determines tallness; dominant) 

t (determines dwarfism; reeessive) 

Genotypes of parents: TT{S) X tt(f) 

Phenotypes of parents: Tall X dwarf 

To use the Punnett, or eheekerboard, square, write the 
alleles (actually gametes) of one parent aeross the top and the 
gametes of the other parent down the left side. Then eombine 
the gametes aeross and down to aehieve all possible eombina- 
tions, as follows: 


Gametes 

T 


T 

t 



Tt 

Tt 

t 



Tt 

Tt 


Results: Genotypes 100% Tt (all heterozygous) 

Phenotypes 100% tall (because T , which determines 
tallness, is dominant and all eontain the T allele) 


A C T I V I T Y 1 


VVorking Out Crosses Involving 
Dominant and Reeessive Genes 

For eaeh of the following erosses, draw your own Punnett 
square and use the technique outlined above to determine the 
genotypes and phenotypes of the offspring. 

1. Genotypes of parents: Tt (S) X tt ($) 

% of eaeh genotype:_ 

% of eaeh phenotype:_% tall,_% dwarf 

2. Genotypes of parents: Tt (S) X Tt ($) 

% of eaeh genotype:_ 

% of eaeh phenotype:_% tall,_% dwarf 

3. Genotypes of parents: TT (S) X Tt (f) 



One of the best ways to master the terminology and learn the 
prineiples of heredity is to work out the solutions to some 
genetie erosses in much the same way Gregor Mendel did in 
his elassie experiments on pea plants. Mendel, an Austrian 


% of eaeh genotype:_ 

% of eaeh phenotype:_% tall,_% dwarf 
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ineomplete Dominanee 

The eoneepts of dominanee and reeessiveness are somewhat 
arbitrary and artifieial in some instanees because so-ealled 
dominant genes may be expressed differently in homozy- 
gous and heterozygous individuals. This produces a eondition 
ealled ineomplete dominanee, or intermediate inheritanee. 
In such eases, both alleles express themselves in the offspring. 
The erosses are worked out in the same manner as indieated 
previously, but heterozygous offspring exhibit a phenotype 
intermediate between that of the homozygous individuals. 
Some examples follow. 


A C T I V I T Y 2 


Working Out Crosses Involving 
ineomplete Dominanee 

1. The inheritanee of flower eolor in snapdragons illustrates 
the prineiple of ineomplete dominanee. The genotype RR 
is expressed as a red flower, Rr yields pink flowers, and rr 
produces white flowers. Work out the following erosses to 
determine the expected phenotypes and both genotypie and 
phenotypie pereentages. 

a. Genotypes of parents: RR X rr 

% of eaeh genotype:_ 

% of eaeh phenotype:_ 

b. Genotypes of parents: Rr X rr 

% of eaeh genotype:_ 

% of eaeh phenotype:_ 


e. Genotypes of parents: Rr X Rr 

% of eaeh genotype:_ 

% of eaeh phenotype:_ 


2. In humans, the inheritanee of siekle eell anemia/trait is 
determined by a single pair of alleles that exhibit ineomplete 
dominanee. Individuals homozygous for the siekling gene (s) 
have siekle eell anemia. In double dose (ss), the siekling gene 
causes production of a very abnormal hemoglobin, which 
erystallizes and beeomes sharp and spiky under eonditions of 
oxygen defieit. This, in turn, leads to clumping and hemoly- 
sis of red blood eells in the circulation, which causes a great 
deal of pain and ean be fatal. Heterozygous individuals (Ss) 
have the siekle eell trait; they make both normal and siekling 
hemoglobin. Usually these individuals are healthy, but pro- 
longed deereases in blood oxygen levels ean lead to a siekle 
eell erisis. Individuals with the genotype SS form normal 
hemoglobin. Work out the following erosses: 


a. Parental genotypes: SS X ss 

% of eaeh genotype:_ 

% of eaeh phenotype:_ 

b. Parental genotypes: Ss X Ss 

% of eaeh genotype:_ 

% of eaeh phenotype:_ 


e. Parental genotypes: ss X Ss 

% of eaeh genotype:_ 

% of eaeh phenotype:_ 

Sex-Linked inheritanee 

A eell’s ehromosomes ean be stained, photographed, and 
digitally rearranged to produce an image ealled a karyo- 
type, which shows the eomplete human diploid ehromosomal 
eomplement displayed in homologous pairs (Figure 45.1). 

Of the 23 pairs of homologous ehromosomes, 22 
pairs are referred to as autosomes. The autosomes guide 
the expression of most body traits. The 23rd pair, the sex 
ehromosomes, determine the sex of an individual, that is, 
whether an individual will be male or female. Normal females 



Figure 45.1 Karyotype (ehromosomal eomplement) of 
human male. Eaeh pair of homologous ehromosomes 
is numbered except the sex ehromosomes, which are 
identified by their letters, X and Y. 
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possess two sex ehromosomes that look alike, the X ehro- 
mosomes. Males possess two dissimilar sex ehromosomes, 
referred to as X and Y. Possession of the Y ehromosome 
determines maleness. The Y sex ehromosome is only about a 
third the size of the X sex ehromosome, and it laeks many of 
the genes that are found on the X. 

Inherited traits determined by genes on the sex ehromo- 
somes are said to be sex-linked, and genes present only on the 
X sex ehromosome are said to be X-linked. Some examples 
of X-linked genes include those that determine normal eolor 
vision (or, eonversely, eolor blindness), and normal elotting 
ability (as opposed to hemophilia). The alleles that deter- 
mine eolor blindness and hemophilia are reeessive alleles. In 
females, both X ehromosomes must earry the reeessive alleles 
for a woman to express either of these eonditions, and thus 
they tend to be infrequently seen. However, should a male 
reeeive an X-linked reeessive allele for these eonditions, he 
will exhibit the reeessive phenotype because his Y ehromo- 
some does not eontain alleles for that gene. 

The eritieal point to understand about X-linked inheri- 
tanee is the absenee of male to male (that is, father to son) 
transmission of sex-linked genes. The X of the father will 
pass to eaeh of his daughters but to none of his sons. Males 
always inherit sex-linked eonditions from their mothers via 
the X ehromosome. 


AOTIVITY 3 


VVorking Out Crosses Involving 
Sex-Linked inheritanee 

1. A heterozygous woman earrying the reeessive gene for 
eolor blindness marries a man who is eolor-blind. Assume 

p 

the dominant gene is X (allele for normal eolor vision) and 
the reeessive gene is X c (determines eolor blindness). The 
mother’s genotype is X C X C and the father’s X C Y. Do a Punnett 
square to determine the answers to the following questions. 

Aeeording to the laws of probability, what pereentage of all 
their ehildren will be eolor-blind? 

_ % 

What is the pereentage of eolor-blind individuals by sex? 

_% males;_ % females 

What pereentage of all ehildren will be earriers?_ % 

What is the sex of the earriers?_ 

2. A heterozygous woman earrying the reeessive gene for 
hemophilia marries a man who is not a hemophiliae. Assume 
the dominant gene is X H and the reeessive gene is X h . The 
woman’s genotype is X H X h and her tmsband’s genotype is 
X h Y. What is the potential pereentage and sex of their off- 
spring who will be hemophiliaes? 

_% males;_% females 


What pereentage ean be expected to laek the allele for 
hemophilia? 

_ % 

What is the antieipated sex and pereentage of individuals who 
will be earriers for hemophilia? 

_%;_sex wm 

Probability 

Pareeling out of ehromosomes to gametes during meiosis 
and the eombination of egg and sperm are random events. 
Henee, the possibility that eertain genomes will arise and be 
expressed is based on the laws of probability. The randomness 
of gene reeombination from eaeh parent determines individ- 
ual uniqueness and explains why siblings, however similar, 
never have totally eorresponding traits (unless, of course, 
they are identieal twins). The Punnett square method that you 
have been using to work out the geneties problems actually 
provides information on the probability of the appearanee of 
eertain genotypes eonsidering all possible events. Probability 
(P) is defined as: 

number of speeifie events or eases 
total number of events or eases 

If an event is eertain to happen, its probability is 1. If it hap- 
pens one out of every two times, its probability is Vi\ if one 
out of four times, its probability is l Á, and so on. 

When figuring the probability of separate events occur- 
ring together (or consecutively), the probability of eaeh event 
must be multiplied together to get the final probability figure. 
For example, the probability of a penny eoming up “heads” 
in eaeh toss is Vi (because it has two sides—heads and tails). 
But the probability of a tossed penny eoming up heads four 
times in a row is Vi X Vi X Vi X Vi = V 16 . 


A C T I V I T Y 4 


Exploring Probability 

1. Obtain two pennies and perform the following simple 
experiment to explore the laws of probability. 

a. Toss one penny into the air ten times, and reeord the num- 
ber of heads (H) and tails (T) observed. 

_heads_tails 

Probability:_/10 tails;_/10 heads 

b. Now simultaneously toss two pennies into the air for 
24 tosses, and reeord the results of eaeh toss below. In eaeh 
ease, report the probability in the lowest fraetional terms. 

# of HH:_ Probability:_ 

# of HT:_ Probability:_ 


# ofTT:_ Probability: 
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Does the first toss have any infhienee on the seeond? 


Does the third toss have any influence on the fourth? 


e. Do a Punnett square using HT for the “alleles” of one 
“parental” eoin and HT for the “alleles” of the other. 

Probability of HH:_ 

Probability of HT:_ 

Probability of TT:_ 

How elosely do your eoin-tossing results eorrelate with 
the pereentages obtained from the Punnett square results? 


2. Determine the probability of having a boy or girl offspring 
for eaeh eoneeption. 

Parental genotypes: XY X XX 

Probability of males:_% 

Probability of females:_% 

3. Dad wants a baseball team! What are the ehanees of his 
having nine sons in a row? 

_(Sorry, Dad! Let the girls play.) H 

Genetie Determination of 
Seleeted Human Characteristics 

Most human traits are determined by multiple alleles or the 
interaetion of several gene pairs. However, a few visible 
human traits or phenotypes ean be traeed to a single gene pair. 
It is some of these that will be investigated here. 


A C T I V I T Y 5 


Using Phenotype to Determine Genotype 

For eaeh of the eharaeteristies deseribed here, determine (as 
best you ean) both your own phenotype and genotype, and 
reeord this information on the Reeord of Human Genotypes/ 
Phenotypes ehart. Sinee it is impossible to know if you are 
homozygous or heterozygous for a nondetrimental trait when 
you exhibit its dominant expression, you are to reeord your 
genotype as A —(or B —, and so on, depending on the letter 
used to indieate the alleles) in such eases. As you will see, 
all the traits examined here are nonharmful eharaeteristies. 


Reeord of Human Genotypes/Phenotypes 


Characteristic 

Phenotype 

Genotype 

PTC taste (P f p) 



Sodium benzoate taste (S,s) 



Sex (X, Y) 



Dimples (D,d) 



Widow 7 s peak (W,w) 



Proximal finger hair (H,h) 



Freekles (F,f) 



Blaze (B,b) 



ABO blood type (l A ,l B ,i) 




Generally speaking, in humans dominant gene disorders are 
presumed to be heterozygous (one dominant and one reees- 
sive allele), because having two such defeetive mutated alleles 
is usually not eompatible with life. On the other hand, if you 
exhibit the reeessive trait, you are homozygous for the reeessive 
allele and should reeord it aeeordingly as aa ( bb , ee, and so on). 
When you have eompleted your observations, also reeord your 
data in the ehart on the board for tabulation of elass results. 

PTC taste: Obtain a PTC taste strip. PTC, or phenylthioear- 
bamide, is a harmless ehemieal that some people ean taste and 
others find tasteless. Chew the strip. If it tastes slightly bitter, 
you are a “taster” and possess the dominant gene (P) for this 
trait. If you eannot taste anything, you are a nontaster and are 
homozygous reeessive (pp) for the trait. Approximately 70% 
of the people in the United States are tasters. 

Sodiiim benzoate taste: Obtain a sodium benzoate taste strip 
and chew it. A different pair of alleles (from that determining 
PTC taste) determines the ability to taste sodium benzoate. 
If you ean taste it, you have at least one of the dominant 
alleles (S). If not, you are homozygous reeessive (ss) for the 
trait. Also reeord whether sodium benzoate tastes salty, bitter, 
or sweet to you (if a taster). Even though PTC and sodium 
benzoate taste are inherited independently, they interaet to 
determine a person’s taste sensations. Individuals who find 
PTC bitter and sodium benzoate salty tend to like sauerkraut, 
buttermilk, spinaeh, and other slightly bitter or salty foods. 

Sex: The genotype XX determines the female phenotype, 
whereas XY determines the male phenotype. 

Dimpled eheeks: The presenee of dimples in one or both 
eheeks is due to a dominant gene (D). Absenee of dimples 
indieates the homozygous reeessive eondition (dd). 

Widow’s peak: A distinet downward V-shaped hairline at the 
middle of the forehead is referred to as a widow’s peak. It is 
determined by a dominant allele (W), whereas the straight or 
continuous forehead hairline is determined by the homozy- 
gous reeessive eondition (ww) (Figure 45.2). 

Proximal fínger hair: Critically examine the dorsum of the 
proximal phalanx of fingers 3 and 4. If no hair is obvious, 
you are reeessive (hh) for this eondition. If hair is seen, you 
have the dominant gene (H) for this trait (which, however, is 
determined by multigene inheritanee) (Figure 45.2). 

Freekles: Freekles are the result of a dominant gene. Use F as 
the dominant allele and/as the reeessive allele (Figure 45.2). 
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Dominant traits 


Reeessive traits 



Widow’s peak Straight hairline 





Finger hair 


No finger hair 




Freekles 


No freekles 


Figure 45.2 Seleeted examples of human phenotypes. 



Blaze: A loek of hair different in eolor from the rest of sealp 
hair is ealled a blaze; it is determined by a dominant gene. Use 
B for the dominant gene and b for the reeessive gene. 

Blood type: Some genes exhibit more than two allele forms, 
leading to a phenomenon ealled multiple-allele inheritanee. 
inheritanee of the ABO blood type is based on the existence 
of three alleles designated as / A , / B , and i. Both / A and / B are 
dominant over i, but neither is dominant over the other. The / A 
and / B alleles are eodominant. Thus the possession of / A and 
/ B will yield type AB blood, whereas the possession of the / A 
and i alleles will yield type A blood, and so on (as explained 
in Exercise 29). The four ABO blood groups or phenotypes 
are A, B, AB, and O (their eorrelation to genotype is indieated 
in the Blood Groups table Table 45.1] . 


Table 45.1 



Blood Groups 


ABO blood group (phenotype) 


Genotype 


A 

B 

AB 


/ A / A or j A - 

/ B / B or I B i 
/ A / B 


O 


n 


If you have previously typed your blood, reeord your 
phenotype and genotype in the ehart (page 671). If not, 
type your blood following your instmetor’s instmetions (see 
Exercise 29, pages 434-435), and then enter your results in 
the table. 

| Dispose of any blood-soiled supplies by plaeing the 
* glassware in the bleaeh-eontaining beaker and all 
other items in the autoclave bag. 

Onee elass data have been tabulated, semtinize the results. Is 
there a single trait that is expressed in an identieal manner by 
all members of the elass? 


Because all human beings have 23 pairs of homologues and 
eaeh pair segregates independently at meiosis, the number of 
possible eombinations at segregation is more than 8 million! 
On the basis of this information, what would you guess are 
the ehanees of any two individuals in the elass having identi- 
eal phenotypes for all 14 traits investigated? 



Hemoglobin Phenotype 
identifieation Llsing Agarose 
Gel Eleetrophoresis 

Agarose gel eleetrophoresis separates molecules based on 
eharge. In the appropriate buffer with an alkaline pH, hemo- 
globin molecules will move toward the anode of the apparatus 
at different speeds, based on the number of negative eharges 
on the molecules. Agarose gel provides a medium for travel 
and slows the migration down a bit. 

Siekle eell anemia and siekle eell trait are discussed in 
Aetivity 2 of this exercise (and slides are observed in Exercise 
29). The beta ehains of hemoglobin S (HbS) eontain a base 
substitution where a valine replaees glutamic aeid. As a result 
of the substitution, HbS has fewer negative eharges than the 
predominant form of adult hemoglobin (HbA) and ean be 
separated from HbA using agarose gel eleetrophoresis. 


ACTI VITY 6 


Using Agarose Gel Eleetrophoresis to 
Identify Normal Hemoglobin, Siekle Cell 
Anemia, and Siekle Cell Trait 

1. You will need an eleetrophoresis unit and power supply 
(Figure 45.3), a 1.2% agarose gel with eight wells, IX TBE 
buffer, mieropipettes or a variable automatic mieropipette 
(2-20 pl) with tips, samples of hemoglobin (marked A, AS, S, 

and unknown #_) dissolved in TBE solubilizing 

buffer eontaining bromophenol blue, a marking pen, safety 
goggles, metrie rnler, plastie baggie, and disposable gloves. 

2. Reeord the number of your unknown sample_ 

3. Plaee the agarose gel into the eleetrophoresis unit. 

4. Using a mieropipette, carefully add 15 pl of hemoglobin 
sample A to wells number 1 and 5, AS to wells 2 and 6, S to 
wells 3 and 7, and the unknown samples to wells 4 and 8. 
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Figure 45.3 Agarose gel eleetrophoresis equipment and power supply. 


5. Slowly add eleetrophoresis buffer until the gels are eov- 
ered with about 0.25 em of buffer. 

| 6. The eleetrophoresis unit runs with high voltage. Do 

* not attempt to open it while the power supply is 
attaehed. Close and loek the eleetrophoresis unit, and eonneet 
the unit to the power source, red to red and blaek to blaek. 

7. Run the unit about 50 minutes at 120 volts until the bro- 
mophenol blue is about 0.25 em from the anode. 

8. Turn the power supply OFF. Diseonneet the eables. 

9. Open the eleetrophoresis unit, carefully remove the gel, 
and slide the gel into a plastie baggie. You should be able to 
see the hemoglobin bands on the gel. Mark eaeh of the bands 
on the gel with the marking pen. 

Alternatively the gels may be stained with Coomassie 
blue. Obtain a flask of Coomassie blue stain, a flask of de- 
staining solution, a flask of distilled water, a staining tray, and 
a 100-ml graduated eylinder, and do the following: 

a. Carefully remove the gel from the plastie plate, and 
plaee the gel into a staining dish. 

b. Add about 30 ml of stain (enough stain to eover the 
gel), and be sure the agarose is not stuck to the dish. 


e. Allow the gel to remain in the stain for at least an hour 
(more time might be neeessary), then remove the stain 
and pour into an appropriate waste eontainer. Rinse the 
gel and dish with distilled water. 

d. Add about 100 ml of de-staining solution. Change 
the solution after a day. If the background stain has been 
reduced enough to see the bands, plaee the staining dish 
over a light source, and observe the bands. If the stain 
is still too dark, repeat the de-staining proeess until the 
bands ean be observed. 

e. To store the gels, refrigerate in a baggie with a small 
amount of de-stain solution or dry on a glass plate. 

10. Draw the banding patterns for samples 1 through 8 in the 
figure for question 16 in the Review Sheet (page 678). Based 
on the banding patterns of the known samples, what are the 
genotypes of your unknown samples? Reeord on the Review 
Sheet ehart. 

11. Rinse the eleetrophoresis unit in distilled or de-ionized 
water, and elean the glass plates with soap and water. H 
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GROUP GHALLENGE 


Odd Phenotype Out 

The following boxes eaeh eontain four phenotypes. One of three for some reason. Circle the trait that doesn’t belong 

the listed traits in eaeh ease does not belong with the other with the others and explain how it is different from the others. 


1. Which is the "odd phenotype"? 

Why is it the odd one out? 

Freekles 


Widow's peak 


Siekle eell trait 


Sodium benzoate "taster" 


2. Which is the "odd phenotype"? 

Why is it the odd one out? 

Blaze 


Type AB blood 


PTC "taster" 


Widow's peak 


3. Which is the "odd phenotype"? 

Why is it the odd one out? 

No proximal finger hair 


Straight hairline 


Color blindness 


Sodium benzoate "nontaster" 


4. Which is the "odd phenotype"? 

Why is it the odd one out? 

Dimpled eheek 


Straight hairline 


Freekles 


Blaze 
















Name 


Lab Time/Date 



Prineiples of Heredity 


lntroduction to the Language of Geneties 

1. Mateh the key ehoiees with the definitions given below. 


Key: a. alleles 

b. autosomes 
e. dominant 


d. genotype 

e. heterozygous 

f. homozygous 


g. phenotype 

h. reeessive 

i. sex ehromosomes 


1. actual genetie makeup 


2. ehromosomes determining maleness/femaleness 


3. situation in which an individual has identieal alleles for a particular trait 


4. genes not expressed unless they are present in homozygous eondition 


5. expression of a genetie trait 


h 







> 



6. situation in which an individual has different alleles making up his genotype for a particular trait 


7. genes for the same trait that may have different expressions 


8. ehromosomes regulating most body eharaeteristies 


9. the more potent gene allele; masks the expression of the less potent allele 


Dominant-Reeessive inheritanee 

2. In humans, farsightedness is inherited by possession of a dominant allele (A). If a man who is homozygous for normal 
vision (aa) marries a woman who is heterozygous for farsightedness (Aa), what proportion of their ehildren would be 
expected to be farsighted? 


% 


3. A metabolie disorder ealled phenylketonuria (PKU) is due to an abnormal reeessive gene (p). Only homozygous reees- 
sive individuals exhibit this disorder. What pereentage of the offspring will be antieipated to have PKU if the parents are 
Pp and ppl 


% 


4. A man obtained 32 spotted and 10 solid-eolor rabbits from a mating of two spotted rabbits 


Which trait is dominant? 


Reeessive? 


If the dominant allele is S, what is the probable genotype of the rabbit parents? 


X 
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5. Assume that the allele eontrolling brown eyes (B) is dominant over that eontrolling blue eyes (b) in human beings. (In actual- 
ity, eye eolor in humans is an example of polygenie inheritanee, which is much more complex than this.) A blue-eyed man 
marries a brown-eyed woman, and they have six ehildren, all brown-eyed. What is the most likely genotype of the father? 

_Of the mother?_If the seventh ehild had blue eyes, what could you conclude about the parents’ genotypes? 


ineomplete Dominanee 

6. Tail length on a bobeat is eontrolled by ineomplete dominanee. The alleles are T for normal tail length and t for tail-less. 

What name could/would you give to the tails of heterozygous (Tt) eats?_ 

How would their tail length eompare with that of TT or tt bobeats?_ 



If curly-haired individuals are genotypieally CC, straight-haired individuals are ee, and wavy-haired individuals are hetero- 
zygotes (Cc), what pereentage of the various phenotypes would be antieipated from a eross between a CC woman and a ee 
man? 


_% curly _ % wavy _ % straight 

Sex-Linked inheritanee 

8. What does it mean when someone says a particular eharaeteristie is sex-linked?_ 


9. You are a male, and you have been told that hemophilia “runs in your genes.” Whose aneestors, your mother’s or your 
father’s, should you investigate?_Why?_ 


10. An X X female marries an X Y man. Do a Punnett square for this mateh. 

What is the probability of producing a eolor-blind son?_ 

A eolor-blind daughter?_ 

A daughter who is a earrier for the eolor-blind allele?_ 



11. Why are consanguineous marriages (marriages between blood relatives) prohibited in most cultures? 
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Probability 

12. What is the probability of having three daughters in a row?_ 

13. A man and a woman, eaeh of seemingly normal intelleet, marry. Although neither is aware of the faet, eaeh is a heterozygote 

for the allele for mental retardation. Is the allele for mental retardation dominant or reeessive?_ 

What are the ehanees of their having one mentally retarded ehild?_ 

What are the ehanees that all their ehildren (they plan a family of four) will be mentally retarded?_ 


Genetie Determination of Seleeted Human Characteristics 

14. Look baek at your data to eomplete this seetion. For eaeh of the situations deseribed here, determine if an offspring with the 
eharaeteristies noted is possible with the parental genotypes listed. Check (/) the appropriate column. 




Possibility 

Parental genotypes 

Phenotype of ehild 

Yes 

No 

Ffxff 

Freekles 



DD x oíoí 

Dimples 



HHx Hh 

Proximal finger hair 



l A i X / B / 

Type 0 blood 



/ A / B X ii 

Type B blood 




15. You have dimples, and you would like to know if you are homozygous or heterozygous for this trait. You have six brothers 
and sisters. By observing your siblings, how could you tell, with some degree of eertainty, that you are a heterozygote? 
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(Jsing Agarose Gel Eleetrophoresis 
to Identify Hemoglobin Phenotypes 

16. Draw the banding patterns you obtained on the figure below. 

Sample Well Banding pattern 


1. A 

1. □ 

2. AS 

2. □ 

3. S 

3. □ 

4. llnknovvn 

4. □ 

5. A 

5. □ 

6. AS 

6. □ 

7. S 

7. □ 

8. llnknovvn 

8. □ 


17. What is the genotype of siekle eell anemia?_Siekle eell trait?_ 

18. Why does siekle eell hemoglobin behave differently from normal hemoglobin during agarose gel eleetrophoresis? 








MATERIALS 


OBJEGTIVES 



□ Articulated skeletons 

□ Three-dimensional models or eharts of 
the skeletal muscles of the body 

□ Hand mirror 

□ Stethoseope 

□ Aleohol swabs 

□ VVashable markers 


1 . 

2 . 

3. 

4. 


Define surface anatomy and explain why it is an important field of 
study; define palpation. 

Deseribe and palpate the major surface features of the cranium, faee, 
and neek. 



Deseribe the easily palpated bony and muscular landmarks of the baek, 
and loeate the vertebral spines on the living body. 

List the bony surface landmarks of the thoraeie eage, explain how they 
relate to the major soft organs of the thorax, and explain how to find the 
seeond to eleventh ribs. 



5. Name and palpate the important surface features on the anterior 
abdominal wall, and explain howto palpate a full bladder. 

6. Define and explain the following: linea alba, umbilical hernia, examination 
for an inguinal hernia, linea semilunaris f and McBurney's point. 

7. Loeate and palpate the main surface features of the upper limb. 

8. Explain the signifieanee of the cubital fossa, pulse points in the distal 
forearm, and the anatomieal snuff box. 

9. Deseribe and palpate the surface landmarks of the lower limb. 

10. Explain exactly where to administer an injeetion in the gluteal region and 
in the other major sites of intramuscular injeetion. 


PRE-LAB Q U I Z 


M 



MasteringA&P 89 For related exercise study 
tools, go to the Study Area of MasteringA&P. 
There you will find: 

• Praetiee Anatomy Lab PÁL 


PhysioEx 


PEx 


A&PFIix A&PFIix 



Praetiee quizzes, Histology Atlas, eText, 
Videos, and more! 



1. VVhy is it useful to study surface anatomy? 

a. You ean easily loeate deep muscle insertions. 

b. You ean relate external surface landmarks to the loeation of internal 
organs. 

e. You ean study eadavers more easily. 

d. You really ean't learn that much by studying surface anatomy; it's a 
gimmiek. 

2. Circle the eorreet underlined term. Palpation / Disseetion allows you to feel 
internal structures through the skin. 

3. The epieranial aponeurosis binds to the subcutaneous tissue of the cranium 
to form the 

a. mastoid proeess e. true sealp 

b. oeeipital protuberance d. xiphoid proeess 

4. The_is the most prominent neek muscle and also the neek's 

most important landmark. 

a. buccinator e. masseter 

b. epicranius d. sternoeleidomastoid 

5. The three boundaries of the_are the trapezius medially, the 

latissirrms dorsi inferiorly, and the scapula laterally. 

a. torso triangle e. triangle of baek muscles 

b. triangle of ausculation d. triangle of McBurney 

6. Circle True or False. The lungs do not fill the inferior region of the pleural 
eavity. 

(Text continues on next page.) 
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7. Circle True or False. With the exception of a full bladder, 
most internal pelvie organs are not easily palpated 
through the skin of the body surface. 

8. On the dorsum of your hand is a grouping of superfieial 

veins knovvn as the_, vvhieh provides a site 

for dravving blood and inserting intravenous eatheters. 

a. anatomieal snuff box e. radial and ulnar veins 

b. dorsal venous netvvork d. palmar arehes 

9. Circle True or False. To avoid harming major nerves and 
blood vessels, elinieians who administer intramuscular 


injeetions in the gluteal region of adults use the gluteus 
medius muscle. 

10. The large femoral artery and vein deseend vertieally 

through the_, formed by the border of the 

inguinal ligament, the medial border of the adductor 
longus muscle, and the medial border of the sartorius 
muscle. 

a. femoral triangle e. medial eondyle 

b. lateral eondyle d. quadriceps 


S urface anatomy is a valuable braneh of anatomieal and 

medieal seienee. True to its name, surface anatomy 
does indeed study the external snrfaee of the body, but 
more importantly, it also studies internal organs as they relate 
to external surface landmarks and as they are seen and felt 
through the skin. Feeling internal structures through the skin 
with the fingers is ealled palpation (literally, í4 touching”). 

Surface anatomy is living anatomy, better studied in 
live people than in eadavers. It ean provide a great deal of 
information about the living skeleton (almost all bones ean 
be palpated) and about the muscles and blood vessels that lie 
near the body surface. Furthermore, a skilled examiner ean 
learn a good deal about the heart, lungs, and other deep organs 
by performing a surface assessment. Thus, surface anatomy 
serves as the basis of the standard physieal examination. For 
those planning a eareer in the health seienees or physieal 
education, a study of surface anatomy will show you where to 
take pulses, where to insert tubes and needles, where to loeate 


broken bones and inflamed muscles, and where to listen for 
the sounds of the lungs, heart, and intestines. 

We will take a regional approaeh to surface anatomy, 
exploring the head first and proeeeding to the trnnk and the 
limbs. You will be observing and palpating your own body as 
you work through the exercise, because your body is the best 
learning tool of all. To aid your exploration of living anatomy, 
skeletons and muscle models or eharts are provided around 
the lab so that you ean review the bones and muscles you 
will encounter. For skin sites you are asked to mark that you 
eannot reaeh on your own body, it probably would be best to 
ehoose a male student as a subject. 


A C T I V I T Y 1 


Palpating Landmarks of the Head 

The head (Figure 46.1 and Figure 46.2) is divided into the 
cranium and the faee. 
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protuberance 


Superficial temporal 
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joint 
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Figure 46.1 Surface anatomy of 
the head. (a) Lateral aspeet. (b) Close-up 
of an auricle. 
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Figure 46.2 Surface structures of the faee. 


Cranium 

1. Run your fingers over the superior surface of your head. 
Notiee that the underlying eranial bones lie very near the 
surface. Proeeed to your forehead and palpate the super- 
eiliary arehes (brow ridges) direetly superior to your orbits 
(Figure 46.1). 

2. Move your hand to the posterior surface of your skull, 
where you ean feel the knoblike external oeeipital protuber- 
anee. Run your finger direetly laterally from this projeetion to 
feel the ridgelike superior nuchal line on the oeeipital bone. 
This line, which marks the superior extent of the muscles of 
the posterior neek, serves as the boundary between the head 
and the neek. Now feel the prominent mastoid proeess on 
eaeh side of the cranium just posterior to your ear. 

3. The frontal belly of the epicranius (Figure 46.2) inserts 
superiorly onto the broad aponeurosis ealled the epieranial 
aponeurosis (Table 13.1, page 200) that eovers the superior 
surface of the cranium. This aponeurosis binds tightly to the 
overlying subcutaneous tissue and skin to form the tme sealp. 
Push on your sealp, and eonfirm that it slides freely over the 
underlying eranial bones. Because the sealp is only loosely 
bound to the skull, people ean easily be “sealped” (in indus- 
trial aeeidents, for example). The sealp is riehly vascularized 
by a large number of arteries mnning through its subcutane- 
ous tissue. Most arteries of the body eonstriet and elose after 
they are cut or torn, but those in the sealp are unable to do 
so because they are held open by the dense eonneetive tissue 
surrounding them. 

What do these faets suggest about the amount of bleeding that 
aeeompanies sealp wounds? 


Faee 

The surface of the faee is divided into many different regions, 
including the orbital, nasal, oral (mouth), and auricular (ear) 
areas. 


1. Traee a finger around the entire margin of the bony orbit. 
The laerimal fossa, which eontains the tear-gathering laeri- 
mal sae, may be felt on the medial side of the eye soeket. 

2. Touch the most superior part of your nose, its root, which 
lies between the eyebrows (Figure 46.2). Just inferior to this, 
between your eyes, is the bridge of the nose formed by the 
nasal bones. Continue your finger’s progress inferiorly along 
the nose’s anterior margin, the dorsiim nasi, to its tip, the 
apex. Plaee one finger in a nostril and another finger on the 
flared winglike ala that defines the nostril’s lateral border. 

3. Grasp your auricle, the shell-like part of the external ear 
that surrounds the opening of the external acoustic meatus 
(Figure 46.1). Now traee the ear’s outer rim, or helix, to the 
lobule (earlobe) inferiorly. The lobule is easily piereed, and 
sinee it is not highly sensitive to pain, it provides a eonve- 
nient plaee to hang an earring or obtain a drop of blood for 
elinieal blood analysis. Next, plaee a finger on your temple 
just anterior to the auricle. There, you will be able to feel the 
pulsations of the superficial temporal artery, which aseends 
to supply the sealp (Figure 46.1). 

4. Run your hand anteriorly from your ear toward the orbit, 
and feel the zygomatie areh just deep to the skin. This bony 
areh is easily broken by blows to the faee. Next, plaee your 
fingers on the skin of your faee, and feel it bunch and streteh 
as you eontort your faee into smiles, frowns, and grimaees. 
You are now monitoring the aetion of several of the subcuta- 
neous muscles of faeial expression (Table 13.1, page 200). 


5. On your lower jaw, palpate the parts of the bony 
mandible: its anterior body and its posterior aseending 
ramus. Press on the skin over the mandibular ramus, and 
feel the masseter muscle bulge when you eleneh your teeth. 
Palpate the anterior border of the masseter, and traee it to the 
mandible’s inferior margin. At this point, you will be able to 
deteet the pulse of your faeial artery (Figure 46.1). Finally, 
to feel the temporomandibular joint, plaee a finger direetly 
anterior to the external acoustic meatus of your ear, and open 
and elose your mouth several times. The bony structure you 
feel moving is the eondylar proeess ofthe mandible. wm 


A C T I V I T Y 2 


Palpating Landmarks of the Neek 

Bony Landmarks 

1. Run your fingers inferiorly along the baek of your neek, 
in the posterior midline, to feel the spinorn proeesses of the 
eervieal vertebrae. The spine of C 7 , the vertebra prominens, 
is espeeially prominent. 

2. Now, beginning at your ehin, run a finger inferiorly along 
the anterior midline of your neek (Figure 46.3). The first 
hard structure you encounter will be the Ll-shaped hyoid 
bone, which lies in the angle between the floor of the mouth 
and the vertieal part of the neek. Direetly inferior to this, you 
will feel the laryngeal prominenee (Adam’s apple) of the 
thyroid eartilage. Just inferior to the laryngeal prominenee, 
your finger will sink into a soft depression (formed by the 
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Figure 46.3 Anterior surface of the 
neek. A diagram of the underlying 
skeleton of the larynx is superimposed 
Hyoid bone on a photograph of the neek. 
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erieothyroid ligament) before proeeeding onto the rounded 
surface of the erieoid eartilage. Now swallow several times, 
and feel the whole larynx move up and down. 

3. Continue inferiorly to the traehea. Attempt to palpate 
the isthmus of the thyroid gland, which feels like a spongy 
cushion over the seeond to fourth traeheal rings (Figure 46.3). 
Then, try to palpate the two soft lateral lobes of your thyroid 
gland along the sides of the traehea. 

4. Move your finger all the way inferiorly to the root of the 
neek, and rest it in the jugular noteh, the depression in the supe- 
rior part of the stemum between the two elavieles. By pushing 
deeply at this point, you ean feel the eartilage rings of the traehea. 

Muscles 

The sternoeleidomastoid is the most prominent muscle in 
the neek and the neek’s most important surface landmark. You 
ean best see and feel it when you turn your head to the side. 

Obtain a hand mirror, hold it in front of your faee, and turn 
your head sharply from right to left several times. You will be 
able to see both heads of this muscle, the sternal head medially 
and the clavicular head laterally (Figure 46.3). Several impor- 
tant structures lie beside or beneath the stemoeleidomastoid: 

• The eervieal lymph nodes lie both superficial and deep 
to this muscle. (Swollen eervieal nodes provide evidenee of 
infeetions or eaneer of the head and neek.) 

• The eommon earotid artery and internal jugular vein 
lie just deep to the sternoeleidomastoid, a relatively superfi- 
eial loeation that exposes these vessels to danger in slashing 
wounds to the neek. 

• Just lateral to the inferior part of the stemoeleidomastoid is 
the large subclavian artery on its way to supply the upper limb. 
By pushing on the subclavian artery at this point, one ean stop 
the bleeding from a wound anywhere in the assoeiated limb. 

• Just anterior to the sternoeleidomastoid, superior to the 
level of your larynx, you ean feel a earotid pulse—the pulsa- 
tions of the external earotid artery (Figure 46.4). 

• The external jugular vein deseends vertieally, just 
superficial to the sternoeleidomastoid and deep to the skin 
(Figure 46.4b). To make this vein “appear” on your neek, 


stand before the mirror, and gently eompress the skin supe- 
rior to your elaviele with your fingers. 

Triangles of the Neek 

The sternoeleidomastoid muscles divide eaeh side of the neek 
into the posterior and anterior triangles (Figure 46.4a). 

1. The posterior triangle is defined by the sternoeleido- 
mastoid anteriorly, the trapezius posteriorly, and the elaviele 
inferiorly. Palpate the borders of the posterior triangle. 

The anterior triangle is defined by the inferior margin 
of the mandible superiorly, the midline of the neek anteriorly, 
and the sternoeleidomastoid posteriorly. 

2. The eontents of these two triangles include nerves, glands, 
blood vessels, and small muscles (Figure 46.4b). The poste- 
rior triangle eontains the aeeessory nerve (eranial nerve XI), 
most of the eervieal plexus, and the phrenie nerve. In the 
inferior part of the triangle are the external jugular vein, the 
trnnks of the braehial plexus, and the subclavian artery. 
These structures are relatively superficial and are easily cut 
or injured by wounds to the neek. 

In the neek’s anterior triangle, important structures 
include the submandibular gland, the suprahyoid and 
infrahyoid muscles, and parts of the earotid arteries and 
jugular veins that lie superior to the sternoeleidomastoid. 

• Palpate your earotid pulse. 

A wound to the posterior triangle of the neek ean 
É lead to long-term loss of sensation in the skin of the 
neek and shoulder, as well as partial paralysis of the sterno- 
eleidomastoid and trapezius muscles. Explain these effeets. + 



A C T I V I T Y 3 


Palpating Landmarks of the Trunk 

The trnnk of the body eonsists of the thorax, abdomen, pelvis, 
and perineum. The baek includes parts of all of these regions, 
but for eonvenienee it is treated separately. 
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Figure 46.4 Anterior and posterior triangles of the neek. (a) Boundaries of the 
triangles. (b) Some eontents of the triangles. 


The Baek 

Bones 

1. The vertieal groove in the eenter of the baek is ealled 
the posterior median furrow (Figure 46.5). The spinous 
proeesses of the vertebrae are visible in the furrow when the 
spinal column is flexed. 

• Palpate a few of these proeesses on your partner’s baek 
(C 7 and T^ are the most prominent and the easiest to find). 

• Also palpate the posterior parts of some ribs, as well as 
the prominent spine of the scapula and the scapula’s long 

medial border. 

The scapula lies superficial to ribs 2 to 7; its inferior 
angle is at the level of the spinous proeess of vertebra T 7 . 
The medial end of the scapular spine lies opposite the T 3 
spinous proeess. 

2. Now feel the iliae erests (superior margins of the iliae 
bones) in your own lower baek. You ean find these erests 
effortlessly by resting your hands on your hips. Loeate the 
most superior point of eaeh erest, a point that lies roughly 
halfway between the posterior median furrow and the lateral 
side of the body (Figure 46.5). A horizontal line through 
these two superior points, the supracristal line, interseets 
L 4 , providing a simple way to loeate that vertebra. The ability 
to loeate L 4 is essential for performing a lumbar puncture, a 
procedure in which the elinieian inserts a needle into the ver- 
tebral eanal of the spinal column direetly superior or inferior 
to L 4 and withdraws eerebrospinal fluid. 

3. The saemrn is easy to palpate just superior to the eleft in 
the buttocks. You ean feel the coccyx in the extreme inferior 
part of that eleft, just posterior to the anus. 

Muscles 

The largest superficial muscles of the baek are the trapezms 
superiorly and latissinms dorsi inferiorly (Figure 46.5). Fur- 
thermore, the deeper ereetor spinae muscles are very evident 
in the lower baek, flanking the vertebral column like thiek 
vertieal eords. 

1. Shrug your shoulders to feel the trapezius eontraeting just 
deep to the skin. 


2. Feel your partner’s ereetor spinae muscles eontraet and 
bulge as he straightens his spine from a slightly bent-over 
position. 

The superficial muscles of the baek fail to eover a small 
area of the rib eage ealled the triangle of auscultation 
(Figure 46.5). This triangle lies just medial to the inferior part 
of the scapula. Its three boundaries are formed by the trapezius 
medially, the latissimus dorsi inferiorly, and the scapula later- 
ally. The physieian plaees a stethoseope over the skin of this 
triangle to listen for lung sounds ( auscultation = listening). To 
hear the lungs elearly, the doetor first asks the patient to fold 
the arms together in front of the ehest and then flex the trunk. 

What do you think is the preeise reason for having the 
patient take this aetion? 


3. Have your partner assume the position just deseribed. 
After eleaning the earpieees with an aleohol swab, use the 
stethoseope to auscultate the lung sounds. Compare the elarity 
of the lung sounds heard over the triangle of auscultation to 
that over other areas of the baek. 

The Thorax 

Bones 

1. Start exploring the anterior surface of your partner’s bony 
thoraeie eage (Figure 46.6 and Figure 46.7) by defining 
the extent of the sternum. Use a finger to traee the sternum’s 
triangular manubrium inferior to the jugular noteh, its flat 
body, and the tongue-shaped xiphoid proeess. Now palpate 
the ridgelike sternal angle, where the manubrium meets the 
body of the sternum. Loeating the sternal angle is important 
because it direets you to the seeond ribs (which attaeh to it). 
Onee you find the seeond rib, you ean count down to identify 
every other rib in the thorax (except the first and sometimes 
the twelfth rib, which lie too deep to be palpated). The sternal 
angle is a highly reliable landmark—it is easy to loeate, even 
in overweight people. 
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Figure 46.5 Surface anatomy of the baek. 


2. By loeating the individual ribs, you ean mentally “draw” 
a series of horizontal lines of “latitude” that you ean use to 
map and loeate the underlying viseeral organs of the thoraeie 
eavity. Such mapping also requires lines of “longitude,” so 
let us eonstmet some vertieal lines on the wall of your part- 
ner’s trnnk. As he lifts an arm straight up in the air, extend 
a line inferiorly from the eenter of the axilla onto his lateral 
thoraeie wall. This is the midaxillary line (Figure 46.6a). 
Now estimate the midpoint of his elaviele, and run a vertieal 
line inferiorly from that point toward the groin. This is the 
midelavieiilar line, and it will pass about 1 em medial to the 
nipple. 

3. Next, feel along the V-shaped inferior edge of the rib 
eage, the eostal margin. At the infrasternal angle, the supe- 
rior angle of the eostal margin, lies the xiphisternal joint. 
The heart lies on the diaphragm deep to the xiphisternal joint. 

4. The thoraeie eage provides many valuable landmarks 
for loeating the vital organs of the thoraeie and abdominal 
eavities. On the anterior thoraeie wall, ribs 2-6 define the 
superior-to-inferior extent of the female breast, and the fourth 
intereostal spaee indieates the loeation of the nipple in men, 
ehildren, and small-breasted women. The right eostal margin 
runs aeross the anterior surface of the liver and gallbladder. 
Surgeons must be aware of the inferior margin of the pleural 
eavities because if they aeeidentally cut into one of these eavi- 
ties, a lung eollapses. The inferior pleural margin lies adjaeent 
to vertebra T 12 near the posterior midline (Figure 46.6b) 


and runs horizontally aeross the baek to reaeh rib 10 at the 
midaxillary line. From there, the pleural margin aseends to rib 
8 in the midclavicular line (Figure 46.6a) and to the level of 
the xiphisternal joint near the anterior midline. The lungs do 
not fill the inferior region of the pleural eavity. Instead, their 
inferior borders run at a level that is two ribs superior to the 
pleural margin, until they meet that margin near the xiphister- 
nal joint. 

5. Let’s review the relationship of the heart to the thoraeie 
eage. The superior right eorner of the heart lies at the junction 
of the third rib and the sternum; the superior left eorner lies at 
the seeond rib, near the sternum; the inferior left eorner lies 
in the fifth intereostal spaee in the midclavicular line; and the 
inferior right eorner lies at the sternal border of the sixth rib. 
You may wish to outline the heart on your ehest or that of 
your lab partner by eonneeting the four eorner points with a 
washable marker. 

Muscles 

The main superficial muscles of the anterior thoraeie wall are 
the peetoralis major and the anterior slips of the serratus 
anterior (Figure 46.7). 

• Palpate these two muscles on your ehest. They both eon- 
traet during push-ups, and you ean eonfirm this by pushing 
yourself up from your desk with one arm while palpating the 
muscles with your opposite hand. 
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Figure 46.6 The bony rib eage as it relates to the underlying lungs and pleural 
eavities. Both the pleural eavities (blue) and the lungs (pink) are outlined. (a) Anterior 
view. (b) Posterior view. 
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Figure 46.7 The anterior thorax and abdomen. 
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AGTIVITY 4 


Palpating Landmarks of the Abdomen 

Bony Landmarks 

The anterior abdominal wall (Figure 46.7) extends inferiorly 
from the eostal margin to an inferior boundary that is defined 
by several landmarks. Palpate these landmarks as they are 
deseribed below. 



1 . iliae erest. Loeate the iliae erests by resting your hands 
on your hips. 

2. Anterior superior iliae spine. Representing the most 
anterior point of the iliae erest, this spine is a prominent 
landmark. It ean be palpated in everyone, even those who are 
overweight. Run your fingers anteriorly along the iliae erest 
to its end. 

3 . Inguinal ligament. The inguinal ligament, indieated by a 
groove on the skin of the groin, runs medially from the ante- 
rior superior iliae spine to the pubic tubercle of the pubis. 

4. Pubic erest. You will have to press deeply to feel this 
erest on the pubis near the median pubic symphysis. The 
pubic tubercle, the most lateral point of the pubic erest, is 
easier to palpate, but you will still have to push deeply. 


Inguinal hernias occur immediately superior to the 
inguinal ligament and may exit from a medial open- 
ing ealled the superficial inguinal ring. To loeate this ring, 
one would palpate the pubic tubercle. An inguinal hernia in a 
male ean be deteeted by pushing into the superficial inguinal 
ring (Figure 46.8). + 

Miisdes and Other Surface Featiires 

The eentral landmark of the anterior abdominal wall is the 
umbilicus (navel). Running superiorly and inferiorly from 
the umbilicus is the linea alba (“white line”), represented in 
the skin of lean people by a vertieal groove (Figure 46.7). The 
linea alba is a tendinous seam that extends from the xiphoid 
proeess to the pubic symphysis, just medial to the rectus 
abdominis muscles (Table 13.3, page 206). The linea alba 
is a favored site for surgical entry into the abdominal eavity 
because the surgeon ean make a long cut through this line 
with no muscle damage and minimal bleeding. 

Several kinds of hernias involve the umbilicus and 


the linea alba. In an acquired umbilical hernia, the 
linea alba weakens until intestinal eoils push through it just 
superior to the navel. The herniated eoils form a bulge just 
deep to the skin. 

Another type of umbilical hernia is a eongenital umbili- 
eal hernia, present in some infants: The umbilical hernia 
is seen as a eherry-sized bulge deep to the skin of the navel 
that enlarges whenever the baby eries. Congenital umbilical 
hernias are usually harmless, and most eorreet themselves 
automatically before the ehild’s seeond birthday. + 

1. McBurney’s point is the spot on the anterior abdominal 
skin that lies direetly superficial to the base of the appendix 
(Figure 46.7). It is loeated one-third of the way along a line 
between the right anterior superior iliae spine and the umbili- 
cus. Try to find it on your body. 

McBurney’s point is the most eommon site of ineision 
in appendeetomies, and it is often the plaee where the pain of 
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Figure 46.8 Ginieal examination for an inguinal hernia 
in a male. The examiner palpates the patient's pubic 
tubercle f pushes superiorly to invaginate the serotal skin 
into the superfieiaI ínguinal ring, and asks the patient to 
cough. If an inguinal hernia exists f it wi11 push inferiorly 
and touch the examiner 7 s fingertip. 


appendieitis is experienced most acutely. Pain at McBurney’s 
point after the pressure is removed (rebound tenderness) ean 
indieate appendieitis. This is not a preeise method of diagno- 
sis, however. 

2. Flanking the linea alba are the vertieal straplike rectus 
abdominis muscles (Figure 46.7). Feel these muscles eon- 
traet just deep to your skin as you do a bent-knee sit-up (or as 
you bend forward after leaning baek in your ehair). In the skin 
of lean people, the lateral margin of eaeh rectus muscle makes 
a groove known as the linea semilunaris (half-moon line). 
On your right side, estimate where your linea semilunaris 
erosses the eostal margin of the rib eage. The gallbladder lies 
just deep to this spot, so this is the standard point of ineision 
for gallbladder surgery. In muscular people, three horizontal 
grooves ean be seen in the skin eovering the rectus abdominis. 
These grooves represent the tendinous interseetions, fibrous 
bands that subdivide the rectus muscle. Because of these 
subdivisions, eaeh rectus abdominis muscle presents four 
distinet bulges. Try to identify these insertions on yourself or 
your partner. 

3. The only other major muscles that ean be seen or felt 
through the anterior abdominal wall are the lateral external 
obliques. Feel these muscles eontraet as you cough, strain, or 
raise your intra-abdominal pressure in some other way. 

4. The anterior abdominal wall ean be divided into four 
quadrants (Figure 1.7). A elinieian listening to a patient’s 
bowel sounds plaees the stethoseope over eaeh of the four 
abdominal quadrants, one after another. Normal bowel 
sounds, which result as peristalsis moves air and fluid through 
the intestine, are high-pitehed gurgles that occur every 5 to 
15 seeonds. 

• Use the stethoseope to listen to your own or your partner’s 
bowel sounds. 


Abnormal bowel sounds ean indieate intestinal dis- 
orders. Absenee of bowel sounds indieates a halt in 
intestinal aetivity, which follows long-term obstmetion of the 
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Figure 46.9 Shoulder and arm. 


intestine, surgical handling of the intestine, peritonitis, or 
other eonditions. Loud tinkling or splashing sounds, by 
eontrast, indieate an inerease in intestinal aetivity. Such loud 
sounds may aeeompany gastroenteritis (inflammation and 
upset of the GI traet) or a partly obstmeted intestine. + 

The Pelvis and Perineum 

The bony surface features of the pelvis are eonsidered with 
the bony landmarks of the abdomen (page 686) and the glu- 
teal region (page 690). Most internal pelvie organs are not 
palpable through the skin of the body surface. A full bladder, 
however, beeomes firm and ean be felt through the abdominal 
wall just superior to the pubic symphysis. A bladder that ean 
be palpated more than a few eentimeters above this symphy- 
sis is retaining urine and dangerously full, and it should be 
drained by eatheterization. H 


A C T I V I T Y 5 


Palpating Landmarks of the Upper Limb 

Axilla 

The base of the axilla is the groove in which the underarm 
hair grows (Figure 46.7). Deep to this base lie the axillary 
lymph nodes (which swell and ean be palpated in breast 
eaneer), the large axillary vessels serving the upper limb, 
and much of the braehial plexus. The base of the axilla forms 
a “valley” between two thiek, rounded ridges, the axillary 
folds. Just anterior to the base, clutch your anterior axillary 
fold, formed by the peetoralis major muscle. Then grasp your 
posterior axillary fold. This fold is formed by the latissimus 
dorsi and teres major muscles of the baek as they course 
toward their insertions on the humerus. 


Shoulder 

1. Again loeate the prominent spine of the scapula poste- 
riorly (Figure 46.5). Follow the spine to its lateral end, the 
flattened aeromion on the shoulder’s summit. Then, palpate 
the elaviele anteriorly, traeing this bone from the sternum to 
the shoulder (Figure 46.9). Notiee the elaviele’s curved shape. 

2. Now loeate the junction between the elaviele and the 
aeromion on the superolateral surface of your shoulder, at the 
acromioclavicular joint. To find this joint, thrnst your arm 
anteriorly repeatedly until you ean palpate the preeise point 
of pivoting aetion. 

3. Next, plaee your fingers on the greater tubercle of 
the humerus. This is the most lateral bony landmark on the 
superior surface of the shoulder. It is eovered by the thiek 
deltoid muscle, which forms the rounded superior part of 
the shoulder. Intramuscular injeetions are often given into the 
deltoid, about 5 em (2 inehes) inferior to the greater tubercle 
(Figure 46.17a, page 691). 

Arm 

Remember, aeeording to anatomists, the arm runs only from 
the shoulder to the elbow, and not beyond. 

1. In the arm, palpate the humerus along its entire length, 
espeeially along its medial and lateral sides. 

2. Feel the bieeps braehii muscle eontraet on your ante- 
rior arm when you flex your forearm against resistanee. 
The medial boundary of the bieeps is represented by the 

medial bieipital furrow (Figure 46.9). This groove eon- 
tains the large braehial artery, and by pressing on it with your 
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Figure 46.10 Surface anatomy of the upper limb, 
posterior view. 


fingertips you ean feel your braehial pulse. Reeall that the 
braehial artery is the artery routinely used in measuring blood 
pressure with a sphygmomanometer. 

3. All three heads of the trieeps braehii muscle (lateral, 
long, and medial) are visible through the skin of a muscular 
person (Figure 46.10). 

Elbow Region 

1. In the distal part of your arm, near the elbow, palpate 
the two projeetions of the humerus, the lateral and medial 
epieondyles (Figures 46.9 and 46.10). Midway between the 
epieondyles, on the posterior side, feel the oleeranon, which 
forms the point of the elbow. 

2. Confirm that the two epieondyles and the oleeranon all 
lie in the same horizontal line when the elbow is extended. If 
these three bony proeesses do not line up, the elbow is dislo- 
eated. 

3. Now feel along the posterior surface of the medial epieon- 
dyle. You are palpating your ulnar nerve. 

4. On the anterior surface of the elbow is a triangular depres- 
sion ealled the cubital fossa (Figure 46.11). The triangle’s 
superior base is formed by a horizontal line between the 
humeral epieondyles; its two inferior sides are defined by 
the braehioradialis and pronator teres muscles (Figure 
46.11b). Try to define these boundaries on your own limb. 


To find the braehioradialis muscle, flex your forearm against 
resistanee, and watch this muscle bulge through the skin of 
your lateral forearm. To feel your pronator teres eontraet, 
palpate the cubital fossa as you pronate your forearm against 
resistanee. (Have your partner provide the resistanee.) 

Superficially, the cubital fossa eontains the median 
cubital vein (Figure 46.11a). Clinicians often draw blood 
from this superficial vein and insert intravenous (IV) eath- 
eters into it to administer medieations, transfused blood, and 
nutrient fluids. The large braehial artery lies just deep to 
the median cubital vein (Figure 46.1 lb), so a needle must be 
inserted into the vein from a shallow angle (almost parallel to 
the skin) to avoid puncturing the artery. Tendons and nerves 
are also found deep in the fossa (Figure 46.1 lb). 

5. The median cubital vein intereonneets the larger eephalie 
and basilie veins of the upper limb. These veins are visible 
through the skin of lean people (Figure 46.1 la). Examine 
your arm to see if your eephalie and basilie veins are visible. 


Forearm and Hand 

The two parallel bones of the forearm are the medial ulna and 
the lateral radius. 


1. Feel the ulna along its entire length as a sharp ridge on 
the posterior forearm (eonfirm that this ridge runs inferiorly 
from the oleeranon). As for the radius, you ean feel its distal 
half, but most of its proximal half is eovered by muscle. You 
ean, however, feel the rotating head of the radius. To do this, 
extend your forearm, and note that a dimple forms on the 
posterior lateral surface of the elbow region (Figure 46.10). 
Press three fingers into this dimple, and rotate your free hand 
as if you were turning a doorknob. You will feel the head of 
the radius rotate as you perform this aetion. 

2. Both the radius and ulna have a knoblike styloid 
proeess at their distal ends. Palpate these proeesses at the 
wrist (Figiire 46.12). Do not confuse the ulnar styloid pro- 
eess with the conspicuous head of the ulna, from which the 
styloid proeess stems. Confirm that the radial styloid proeess 
lies about 1 em (0.4 ineh) distal to that of the ulna. 


Colles’ fracture of the wrist is an impaeted fracture 
in which the distal end of the radius is pushed 
proximally into the shaft of the radius. This sometimes occurs 
when someone falls on outstretched hands, and it most often 
happens to elderly women with osteoporosis. Colles’ fracture 
bends the wrist into curves that resemble those on a fork. + 


Can you deduce how physieians use palpation to diagnose a 
Colles’ fracture? 


3. Next, feel the major groups of muscles within your fore- 
arm. Flex your hand and fingers against resistanee, and feel 
the anterior flexor muscles eontraet. Then extend your hand 
at the wrist, and feel the tightening of the posterior extensor 
mnseles. 
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Figure 46.11 The cubital fossa on the anterior surface of the right elbovv (outlined 
by the triangle). (a) Photograph. (b) Diagram of deeper structures in the fossa. 
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Figure 46.12 A way to loeate the ulnar and radial 
styloid proeesses. The right hand is palpating the left 
hand in this picture. Note that the head of the ulna is not 
the same as the ulnar styloid proeess. The radial styloid 
proeess lies about 1 em distal to the ulnar styloid proeess. 
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Figure 46.13 The anterior surface of the distal forearm 
and fist. The tendons of the flexor muscles guide the 
elinieian to several sites for pulse taking. 


4. Near the wrist, the anterior surface of the forearm 
reveals many signifieant features (Figure 46.13). Flex your 
fist against resistanee; the tendons of the main wrist flexors 
will bulge the skin of the distal forearm. The tendons of 
the flexor earpi radialis and palmaris longus muscles 
are most obvious. The palmaris longus, however, is absent 
from at least one arm in 30% of all people, so your forearm 
may exhibit just one prominent tendon instead of two. The 


radial artery lies just lateral to (on the thumb side of) 
the flexor earpi radialis tendon, where the pulse is easily 
deteeted (Figure 46.13). Feel your radial pulse here. The 
median nerve , which innervates the thumb, lies deep to the 
palmaris longus tendon. Finally, the ulnar artery lies on 
the medial side of the forearm, just lateral to the tendon of 
the flexor earpi ulnaris. Loeate and feel your ulnar arterial 
pulse (Figure 46.13). 
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Exercise 46 
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Figure 46.14 The dorsum of the hand. Note espeeially the anatomieal snuff box and 
dorsal venous netvvork. 


5. Extend your thumb and point it posteriorly to form a trian- 
gular depression in the base of the thumb on the baek of your 
hand. This is the anatomieal snuff box (Figure 46.14). Its 
two elevated borders are defined by the tendons of the thumb 
extensor muscles, extensor pollieis brevis and extensor pol- 
lieis longus. The radial artery runs within the snuff box, so 
this is another site for taking a radial pulse. The main bone on 
the floor of the snuff box is the seaphoid bone of the wrist, but 
the radial styloid proeess is also present here. If displaeed by 
a bone fracture, the radial styloid proeess will be felt outside 
of the snuff box rather than within it. The “snuff box” took 
its name from the faet that people onee put snuff (tobaeeo for 
sniffing) in this hollow before lifting it up to the nose. 

6. On the dorsum of your hand, observe the superficial veins 
just deep to the skin. This is the dorsal venous network, 
which drains superiorly into the eephalie vein. This venous 
network provides a site for drawing blood and inserting intra- 
venous eatheters and is preferred over the median cubital vein 
for these purposes. Next, extend your hand and fingers, and 
observe the tendons of the extensor digitomm muscle. 

7. The anterior surface of the hand also eontains some fea- 
tures of interest (Figure 46.15). These features include the 
epidermal ridges (fingerprints) and many flexion ereases in 
the skin. Grasp your thenar eminenee (the bulge on the palm 
that eontains the thumb muscles) and your hypothenar emi- 
nenee (the bulge on the medial palm that eontains muscles 
that mo ve the little finger). H 


A C T I V I T Y 6 


Palpating Landmarks of the Lower Limb 

Gluteal Region 

Dominating the gluteal region are the two prominenees (eheeks) 
of the buttocks (Figure 46.16). These are formed by subcuta- 
neous fat and by the thiek gluteus maximus muscles. The mid- 
line groove between the two prominenees is ealled the natal 
eleft (natal = mmp) or gluteal eleft. The inferior margin of 
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Hypothenar 
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Thenar 
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Figure 46.15 The palmar surface of the hand. 


eaeh prominenee is the horizontal gluteal fold, which roughly 
eorresponds to the inferior margin of the gluteus maximus. 

1. Try to palpate your isehial tuberosity just above the 
medial side of eaeh gluteal fold (it will be easier to feel if you 
sit down or flex your thigh first). The isehial tuberosities are 
the robust inferior parts of the isehial bones, and they support 
the body’s weight during sitting. 

2. Next, palpate the greater troehanter of the femur on the 
lateral side of your hip. This troehanter lies just anterior to 
a hollow and about 10 em (one hand’s breadth, or 4 inehes) 
inferior to the iliae erest. To eonfirm that you have found the 
greater troehanter, alternately flex and extend your thigh. 
Because this troehanter is the most superior point on the 
lateral femur, it moves with the femur as you perform this 
movement. 
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Figure 46.16 The gluteal region. The region extends from the iliae erests superiorly 
to the gluteal folds inferiorly. Therefore, it includes more than just the prominenees 
of the buttock. 


3. To palpate the sharp posterior superior iliae spine, 

loeate your iliae erests again, and traee eaeh to its most poste- 
rior point. You may have difficulty feeling this spine, but it is 
indieated by a distinet dimple in the skin that is easy to find. 
This dimple lies two to three finger breadths lateral to the 
midline of the baek. The dimple also indieates the position of 
the saeroiliae joint, where the hip bone attaehes to the saemm 
of the spinal column. You ean eheek your “dimples” out in the 
privaey of your home. 

The gluteal region is a major site for administering intra- 
muscular injeetions. When giving such injeetions, extreme 
eare must be taken to avoid piereing the major nerve that lies 
just deep to the gluteus maximus muscle. 


This thiek seiatie nerve innervates much of the lower 
limb. Furthermore, the needle must avoid the gluteal nerves 
and gluteal blood vessels, which also lie deep to the gluteus 
maximus. 

To avoid harming these structures, the injeetions are most 
often applied to the gluteus mediiis (not maximus) muscle 
superior to the eheeks of the buttocks, in a safe area ealled 
the ventral gluteal site (Figiire 46.17b). To loeate this site, 
mentally draw a line laterally from the posterior superior 
iliae spine (dimple) to the greater troehanter; the injeetion 
would be given 5 em (2 inehes) superior to the midpoint of 
that line. Another safe way to loeate the ventral gluteal site is 
to approaeh the lateral side of the patient’s left hip with your 
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Figure 46.17 Three major sites of intramuscular injeetions. (a) Deltoid muscle of the 
arm. (b) Ventral gluteal site (gluteus medius). (e) Vastus lateralis in the lateral thigh. 
The femoral triangle is also shovvn. 
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Figure 46.18 Anterior surface of the lower limb. (a) Both limbs # with the right limb 
revealing its medial aspeet. The femoral triangle is outlined on the right limb. 

(b) Enlarged view of the left thigh. (e) The left knee region. (d) The dorsum of the 
left foot. 
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Figure 46.19 Posterior surface of the lower limb. Notiee 
the diamond-shaped popliteal fossa posteriorto the 
knee. 


extended right hand (or the right hip with your left hand). 
Then, plaee your thumb on the anterior superior iliae spine 
and your index finger as far posteriorly on the iliae erest as it 
ean reaeh. The heel of your hand eomes to lie on the greater 
troehanter, and the needle is inserted in the angle of the 
V formed between your thumb and index finger about 4 em 
(1.5 inehes) inferior to the iliae erest. 

Gluteal injeetions are not given to small ehildren because 
their “safe area” is too small to loeate with eertainty and 
because the gluteal muscles are thin at this age. Instead, 
infants and toddlers reeeive intramuscular shots in the promi- 
nent vastus lateralis muscle of the thigh. 

Thigh 

Much of the femur is elothed by thiek muscles, so the 
thigh has few palpable bony landmarks (Figure 46.18 and 
Figure 46.19). 

1. Distally, feel the medial and lateral eondyles of the 
femur and the patella anterior to the eondyles (Figure 46.18c 
and a). 


2. Next, palpate your three groups of thigh muscles—the 
quadriceps femoris muscles anteriorly, the adductor mus- 
eles medially, and the hamstrings posteriorly (Figures 46.18a 
and b and 46.19). The vastus lateralis, the lateral muscle of 
the quadriceps group, is a site for intramuscular injeetions. 
Such injeetions are administered about halfway down the 
length of this muscle (Figure 46.17c). 

3. The anterosuperior surface of the thigh exhibits a 
three-sided depression ealled the femoral triangle (Figure 
46.18a). As shown in Figure 46.17c, the superior border of 
this triangle is formed by the inguinal ligament, and its two 
inferior borders are defined by the sartorius and adductor 
longus muscles. The lar gefemoral artery and vein deseend 
vertieally through the eenter of the femoral triangle. To feel 
the pulse of your femoral artery, press inward just inferior 
to your midinguinal point (halfway between the anterior 
superior iliae spine and the pubic tubercle). Be sure to push 
hard, because the artery lies somewhat deep. By pressing 
very hard on this point, one ean stop the bleeding from a 
hemorrhage in the lower limb. The femoral triangle also 
eontains most of the inguinal lymph nodes, which are easily 
palpated if swollen. 

Leg and Foot 

1. Loeate your patella again, then follow the thiek patellar 
ligament inferiorly from the patella to its insertion on the 
superior tibia (Figure 46.18c). Here you ean feel a rough pro- 
jeetion, the tibial tuberosity. Continue mnning your fingers 
inferiorly along the tibia’s sharp anterior border and its flat 
medial surface —bony landmarks that lie very near the sur- 
faee throughout their length. 

2. Now, return to the superior part of your leg, and palpate 
the expanded lateral and medial eondyles of the tibia just 
inferior to the knee. You ean distinguish the tibial eondyles 
from the femoral eondyles because you ean feel the tibial eon- 
dyles move with the tibia during knee flexion. Feel the bul- 
bous head of the fibula in the superolateral region of the leg 
(Figure 46.18c). Try to feel the eommon fihular nerve where 
it wraps around the fibula’s neek just inferior to its head. This 
nerve, which serves the anterior leg and foot, is often bumped 
against the bone here and damaged. 

3. In the most distal part of the leg, feel the lateral malleolus 
of the fibula as the lateral prominenee of the ankle (Figure 
46.18d). Notiee that this lies slightly inferior to the medial 
malleolus of the tibia, which forms the ankle’s medial promi- 
nenee. Plaee your finger just posterior to the medial malleolus 
to feel the pulse of your posterior tihial artery. 

4. On the posterior aspeet of the knee is a diamond-shaped 
hollow ealled the popliteal fossa (Figure 46.19). Palpate the 
large muscles that define the four borders of this fossa: The 
bieeps femoris forming the superolateral border, the semi- 
tendinosus and semimembranosus defining the superome- 
dial border, and the two heads of the gastrocnemius forming 
the inferior border. The main vessels to the leg, the popliteal 
artery and vein, lie deep within this fossa. To feel a popliteal 
pulse, flex your leg at the knee and push your fingers firmly 
into the popliteal fossa. If a physieian is unable to feel a 
patient’s popliteal pulse, the femoral artery may be narrowed 
by atheroselerosis. 
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5. Observe the dorsum (superior surface) of your foot. You 
may see the superficial dorsal venous areh overlying the 
proximal part of the metatarsal bones (Figure 46.18d). This 
areh gives rise to both saphenous veins (the main superficial 
veins of the lower limb). Visible in lean people, the great 
saphenous vein aseends along the medial side of the entire 
limb (Figure 32.8, page 479). The small saphenous vein 
aseends through the eenter of the ealf. 


As you extend your toes, observe the tendons of the 
extensor digitorum longus and extensor hallucis longus 
muscles on the dorsum of the foot. Finally, plaee a finger on 
the extreme proximal part of the spaee between the first and 
seeond metatarsal bones. Here you should be able to feel the 
pulse of the dorsalis pedis artery. H 



Name 


Lab Time/Date 



Surface Anatomy Roundup 


1. A blow to the eheek is most likely to break what superficial bone or bone part? (a) superciliary arehes, 
(b) mastoid proeess, (e) zygomatie areh, (d) ramus of the mandible 


2. Rebound tenderness (a) occurs in appendieitis, (b) is whiplash of the neek, (e) is a sore foot from playing 
basketball, (d) occurs when the larynx falls baek into plaee after swallowing. 


3. The anatomieal snuff box (a) is in the nose, (b) eontains the radial styloid proeess, (e) is defined by tendons 
of the flexor earpi radialis and palmaris longus, (d) eannot really hold snuff. 


4. Some landmarks on the body surface ean be seen or felt, but others are abstraetions that you must eonstmet 
by drawing imaginary lines. Which of the following pairs of structures is abstraet and invisible? (a) umbi- 
licus and eostal margin, (b) anterior superior iliae spine and natal eleft, (e) linea alba and linea semilunaris, 
(d) McBurney’s point and midaxillary line, (e) laerimal fossa and sternoeleidomastoid 


5. Many pelvie organs ean be palpated by plaeing a finger in the rectum or the vagina, but only one pelvie 
organ is readily palpated through the skin. This is the (a) nonpregnant uterus, (b) prostate, (e) full bladder, 
(d) ovaries, (e) rectum. 


h 







> 



6. A muscle that contributes to the posterior axillary fold is the (a) peetoralis major, (b) latissimus dorsi, 
(e) trapezius, (d) infraspinatus, (e) peetoralis minor, (f) a and e. 


7. Which of the following is not a pulse point? (a) anatomieal snuff box, (b) inferior margin of mandible anterior 
to masseter muscle, (e) eenter of distal forearm at palmaris longus tendon, (d) medial bieipital furrow on arm, 
(e) dorsum of foot between the first two metatarsals 


8. Which pair of ribs inserts on the sternum at the sternal angle? (a) first, (b) seeond, (e) third, (d) fourth, 
(e) fifth 


9. The inferior angle of the scapula is at the same level as the spinous proeess of which vertebra? (a) C 5 , 
(b) C 7 , (e) T 3 , (d) T 7 , (e) L 4 


10. An important bony landmark that ean be reeognized by a distinet dimple in the skin is the (a) posterior superior 
iliae spine, (b) ulnar styloid proeess, (e) shaft of the radius, (d) aeromion. 


11. A nurse missed a patient’s median cubital vein while trying to withdraw blood and then inserted the needle far 
too deeply into the cubital fossa. This error could cause any of the following problems, except this one: 
(a) paralysis of the ulnar nerve, (b) paralysis of the median nerve, (e) bmising the insertion tendon of the bieeps 
braehii muscle, (d) blood spurting from the braehial artery. 


12. Which of these organs is almost impossible to study with surface anatomy techniques? (a) heart, (b) lungs, 
(e) brain, (d) nose 


13. A preferred site for inserting an intravenous medieation line into a blood vessel is the (a) medial bieipital furrow 
on arm, (b) external earotid artery, (e) dorsal venous network of hand, (d) popliteal fossa. 


14. One listens for bowel sounds with a stethoseope plaeed (a) on the four quadrants of the abdominal wall; (b) in 
the triangle of auscultation; (e) in the right and left midaxillary line, just superior to the iliae erests; (d) inside 
the patient’s bowels (intestines), on the tip of an endoseope. 


15. A stab wound in the posterior triangle of the neek could damage any of the following structures except the 
(a) aeeessory nerve, (b) phrenie nerve, (e) external jugular vein, (d) external earotid artery. 
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Cell Transport Meehanisms 

and Permeability 


PRE-LAB Q U I Z 

1. Circle the eorreet underlined term: In aetive transport / passive 
transport proeesses, the eell must provide energy in the form of ATP 
to povver the proeess. 

2. The movement of partieles from an area of greater eoneentration to an 
area of lesser eoneentration is: 

a. diffusion 

b. osmosis 

e. aetive transport 

d. kinetie energy 

3. All of the follovving are true of aetive transport except: 

a. ATP is used to povver aetive transport. 

b. Solutes are moving vvith their eoneentration gradient. 

e. It uses a membrane-bound earrier protein. 
d. It ean only occur in eertain animals. 

4. Circle the eorreet underlined term: In Exercise 1, the dialysis tubing will 
mimie the nucleus / plasma membrane of a eell. 

5. Circle the eorreet underlined term: The larger the molecular weiqht / 
eoneentration of a compound, the larger the pore size required for 
passive transport of that compound. 


Exercise Overview 

The molecular eomposition of the plasma membrane allows it to be seleetive 
about what passes through it. It allows nutrients and appropriate amounts of ions 
to enter the eell and keeps out undesirable substances. For that reason, we say 
the plasma membrane is seleetively permeable. Valuable eell proteins and other 
substances are kept within the eell, and metabolie wastes pass to the exterior. 

Transport through the plasma membrane occurs in two basie ways: either pas- 
sively or aetively. In passive proeesses, the transport proeess is driven by eoneentra- 
tion or pressure differenees (gradients) between the interior and exterior of the eell. 
In aetive proeesses, the eell provides energy (ATP) to power the transport. 

Two key passive proeesses of membrane transport are diffusion and filtration. 
Diffusion is an important transport proeess for every eell in the body. Simple 
diffusion occurs without the assistanee of membrane proteins, and faeilitated 
diffusion requires a membrane-bound earrier protein that assists in the transport. 

In both simple and faeilitated diffusion, the substance being transported 
moves with (or along or down) the eoneentration gradient of the solute (from a 
region of its higher eoneentration to a region of its lower eoneentration). The pro- 
eess does not require energy from the eell. Instead, energy in the form of kinetie 
energy eomes from the eonstant motion of the molecules. The movement of 
solutes continues until the solutes are evenly dispersed throughout the solution. 
At this point, the solution has reaehed equilibrium. 

A speeial type of diffusion aeross a membrane is osmosis. In osmosis, water 
moves with its eoneentration gradient, from a higher eoneentration of water to a 
lower eoneentration of water. It moves in response to a higher eoneentration of 
solutes on the other side of a membrane. 

In the body, the other key passive proeess, filtration, usually occurs only 
aeross eapillary walls. Filtration depends upon a pressure gradient as its driving 


PEx-3 

















PEx-4 


Exercise 1 


foree. It is not a seleetive proeess. It is dependent upon the 
size of the pores in the filter. 

The two key aetive proeesses (reeall that aetive pro- 
eesses require energy) are aetive transport and vesicular 
transport. Like faeilitated diffusion, aetive transport uses a 
membrane-bound earrier protein. Aetive transport differs 
from faeilitated diffusion because the solutes move against 
their eoneentration gradient and because ATP is used to 
power the transport. Vesicular transport includes phagoeyto- 
sis, endoeytosis, pinoeytosis, and exocytosis. These proeesses 
are not eovered in this exercise. The aetivities in this exercise 
will explore the eell transport meehanisms individually. 


A C T I V I T Y 1 


S mulating Dialysis (Simple Diffusion) 

OBJECTIVES 

1. To understand that diffusion is a passive proeess 
dependent upon a solute eoneentration gradient. 

2. To understand the relationship betvveen molecular 
vveight and molecular size. 

3. To understand hovv solute eoneentration affeets the rate 
of diffusion. 

4. To understand how molecular weight affeets the rate of 
diffusion. 


lntroduction 


This aetivity provides information on the passage of 
water and solutes through seleetively permeable membranes. 
You ean apply what you learn to the study of transport 
meehanisms in living, membrane-bounded eells. The dialy- 
sis membranes used eaeh have a different molecular weight 
cutoff (MWCO), indieated by the number below it. You ean 
think of MWCO in terms of pore size: the larger the MWCO 
number, the larger the pores in the membrane. The molecular 
weight of a solute is the number of grams per mole, where 
a mole is the eonstant Avogadro’s number 6.02 x 10 23 mol- 
ecules/mole. The larger the molecular weight, the larger the 
mass of the molecule. The term molecular mass is sometimes 
used instead of molecular weight. 

f x 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: left and right beakers—used 

for diffusion of solutes; dialysis membranes with various 

molecular weight cutoffs (MWCOs). 

\ ____ _ 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 1: Cell Transport Meehanisms and Permeability. 
Click Aetivity 1: Simulating Dialysis (Simple Diffusion), 

and take the online Pre-lab Quiz for Aetivity 1. 

After you take the online Pre-lab Quiz, eliek the Experi- 
ment tab and begin the experiment. The experiment instme- 
tions are reprinted here for your referenee. The opening 
sereen for the experiment is shown below. 


Reeall that all molecules possess kinetie energy and are in 
eonstant motion. As molecules move about randomly at high 
speeds, they eollide and bounce off one another, ehanging 
direetion with eaeh eollision. For a given temperature, all 
matter has about the same average kinetie energy. Smaller 
molecules tend to move faster than larger molecules because 
kinetie energy is direetly related to both mass and veloeity 
(KE = ‘/2 mv 2 ). 


When a eoneentration gradient (differenee in eon- 
eentration) exists, the net effeet of this random molecular 
movement is that the molecules eventually beeome evenly 
distributed throughout the environment—in other words, dif- 
fusion occurs. Diffusion is the movement of molecules from 
a region of their higher eoneentration to a region of their 
lower eoneentration. The driving foree behind diffusion is 
the kinetie energy of the molecules themselves. 

The diffusion of partieles into and out of eells is modi- 
fied by the plasma membrane, which is a physieal barrier. In 
general, molecules diffuse passively through the plasma mem- 
brane if they are small enough to pass through its pores (and 
are aided by an eleetrieal and/or eoneentration gradient) or if 
they ean dissolve in the lipid portion of the membrane (as in 
the ease of C0 2 and 0 2 ). A membrane is ealled seleetively per- 
meable, differentially permeable, or semipermeable if it allows 
some solute partieles (molecules) to pass but not others. 

The diffusion of solute partieles dissolved in water 
through a seleetively permeable membrane is ealled simple 
diffusion. The diffusion of water through a differentially per- 
meable membrane is ealled osmosis. Both simple diffusion 
and osmosis involve movement of a substance from an area of 
its higher eoneentration to an area of its lower eoneentration, 
that is, with (or along or down) its eoneentration gradient. 



1. Drag the 20 MWCO membrane to the membrane holder 
between the beakers. 

2. inerease the Na + CL eoneentration to be dispensed to the 
left beaker to 9.00 m M by elieking the + button beside the 
Na + CL display. Click Dispense to fill the left beaker with 
9.00 mMNa + Cf solution. 

3. Note that the eoneentration of Na + Cl“ in the left beaker 
is displayed in the eoneentration window to the left of the 
beaker. Click Deionized Water and then eliek Dispense to 
fill the right beaker with deionized water. 

4. After you start the run, the barrier between the beakers 
will deseend, allowing the solutions in eaeh beaker to have 
aeeess to the dialysis membrane separating them. You will be 
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able to determine the amount of solute that passes through 
the membrane by observing the eoneentration display to the 
side of eaeh beaker. A level above zero in Na + Cl _ eoneentra- 
tion in the right beaker indieates that Na + and Cl - ions are 
diffusing from the left beaker into the right beaker through 
the seleetively permeable dialysis membrane. Note that the 
timer is set to 60 minutes. The simulation eompresses the 
60-minute time period into 10 seeonds of real time. Click 
Start to start the run and watch the eoneentration display to 
the side of eaeh beaker for any aetivity. 

5. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 1). 


C H ART 1 


Dialysis Results (average 
diffusion rate in mM/min) 



Membrane MWCO 

Solute 

20 

50 

100 

200 

Na + Cl” 





Urea 





Albumin 





Glucose 






PREDICT Question 1 

The molecular weight of urea is 60.07. Do you 
think urea will diffuse through the 20 MWCO 
membrane? 


6. Click Flush beneath eaeh of the beakers to prepare for 
the next run. 

7. inerease the urea eoneentration to be dispensed to the 
left beaker to 9.00 m M by elieking the + button beside 
the urea display. Click Dispense to fill the left beaker with 
9.00 m M urea solution. 

8. Click Deionized Water and then eliek Dispense to fill 
the right beaker with deionized water. 

9. Click Start to start the run and watch the eoneentration 
display to the side of eaeh beaker for any aetivity. 

10. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 1). 

11. Click the 20 MWCO membrane in the membrane holder 
to automatically return it to the membrane eabinet and then 
eliek Flush beneath eaeh beaker to prepare for the next run. 

12. Drag the 50 MWCO membrane to the membrane holder 
between the beakers. inerease the Na + Cl eoneentration to be 
dispensed to the left beaker to 9.00 mM. Click Dispense to 
fill the left beaker with 9.00 m M Na + Cl _ solution. 

13. Click Deionized Water and then eliek Dispense to fill 
the right beaker with deionized water. 


14. Click Start to start the run and watch the eoneentration 
display to the side of eaeh beaker for any aetivity. 

15. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 1). 

16. Click Flush beneath eaeh of the beakers to prepare for 
the next run. 

17. inerease the Na + CC eoneentration to be dispensed to the 
left beaker to 18.00 mM. Click Dispense to fill the left beaker 
with 18.00 m M Na + CC solution. 

18. Click Deionized Water and then eliek Dispense to fill 
the right beaker with deionized water. 

19. Click Start to start the run and watch the eoneentration 
display to the side of eaeh beaker for any aetivity. 

20. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 1). 

21. Click the 50 MWCO membrane in the membrane holder 
to automatically return it to the membrane eabinet and then 
eliek Flush beneath eaeh beaker to prepare for the next run. 

22. Drag the 100 MWCO membrane to the membrane holder 
between the beakers. inerease the Na + Cl _ eoneentration to be 
dispensed to the left beaker to 9.00 mM. Click Dispense to 
fill the left beaker with 9.00 m M Na + Ck solution. 

23. Click Deionized Water and then eliek Dispense to fill 
the right beaker with deionized water. 

24. Click Start to start the run and watch the eoneentration 
display to the side of eaeh beaker for any aetivity. 

25. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 1). 

26. Click Flush beneath eaeh of the beakers to prepare for 
the next run. 

27. inerease the urea eoneentration to be dispensed to the 
left beaker to 9.00 mM. Click Dispense to fill the left beaker 
with 9.00 m M urea solution. 

28. Click Deionized Water and then eliek Dispense to fill 
the right beaker with deionized water. 

29. Click Start to start the run and watch the eoneentration 
display to the side of eaeh beaker for any aetivity. 

30. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 1). 

31. Click the 100 MWCO membrane in the membrane holder 
to automatically return it to the membrane eabinet and then 
eliek Flush beneath eaeh beaker to prepare for the next run. 


PREDIC Question 2 

Reeall that glucose is a monosaeeharide, 
albiimin is a protein with 607 amino aeids, and 
the average molecular weight of a single amino 
aeid is 135 g/mole. Will glucose or albumin be able 
to diffuse through the 200 MWCO membrane? 
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32. Drag the 200 MWCO membrane to the membrane holder 
between the beakers. Inerease the glucose eoneentration to be 
dispensed to the left beaker to 9.00 mM. Click Dispense to 
fill the left beaker with 9.00 m M glucose solution. 

33. Click Deionized Water and then eliek Dispense to fill 
the right beaker with deionized water. 

34. Click Start to start the run and watch the eoneentration 
display to the side of eaeh beaker for any aetivity. 

35. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 1). 

36. Click Flush beneath eaeh of the beakers to prepare for 
the next run. 

37. inerease the albumin eoneentration to be dispensed to 
the left beaker to 9.00 m M. Click Dispense to fill the left 
beaker with 9.00 m M albumin solution. 

38. Click Deionized Water and then eliek Dispense to fill 
the right beaker with deionized water. 

39. Click Start to start the run and watch the eoneentration 
display to the side of eaeh beaker for any aetivity. 

40. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 1). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 1. 

Aetivity Questions 

1. Did any solutes move through the 20 MWCO membrane? 
Why or why not? 


2. Did Na + Cl move through the 50 MWCO membrane? 


3. Deseribe how the size of a molecule (molecular weight) 
affeets its rate of diffusion. 


4. What happened to the rate of diffusion when you 
inereased the Na + Ck solute eoneentration? 


A C T I V I T Y 2 


Sirrmlated Faeilitated Diffusion 

OBJECTIVES 

1. To understand that some solutes require a earrier 
protein to pass through a membrane because of size 
or solubility limitations. 

2. To observe how the eoneentration of solutes affeets the 
rate of faeilitated diffusion. 

3. To observe how the number of transport proteins affeets 
the rate of faeilitated diffusion. 

4. To understand how transport proteins ean beeome 
saturated. 


lntroduction 

Some molecules are lipid insoluble or too large to pass 
through pores in the eell’s plasma membrane. Instead, they 
pass through the membrane by a passive transport proeess 
ealled faeilitated diffusion. For example, sugars, amino 
aeids, and ions are transported by faeilitated diffusion. In 
this form of transport, solutes eombine with earrier-protein 
molecules in the membrane and are then transported with 
(or along or down) their eoneentration gradient. The earrier- 
protein molecules in the membrane might have to ehange 
shape slightly to aeeommodate the solute, but the eell does 
not have to expend the energy of ATP. 

Because faeilitated diffusion relies on earrier proteins, 
solute transport varies with the number of available earrier- 
protein molecules in the membrane. The earrier proteins 
ean beeome saturated if too much solute is present and the 
maximum transport rate is reaehed. The earrier proteins are 
embedded in the plasma membrane and aet like a shield, pro- 
teeting the hydrophilie solute from the lipid portions of the 
membrane. 

Faeilitated diffusion typieally occurs in one direetion 
for a given solute. The greater the eoneentration differenee 
between one side of the membrane and the other, the greater 
the rate of faeilitated diffusion. 

r v 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: left and right beakers—used 
for diffusion of solutes; dialysis membranes with vari- 
ous molecular weight cutoffs (MWCOs); membrane 
builder—used to build membranes with different numbers 
of glucose protein earriers. 

v_ ) 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 2: Cell Transport Meehanisms and Permeability. 
Click Aetivity 2: Simulated Faeilitated Diffusion, and take 
the online Pre-lab Quiz for Aetivity 2. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experi- 
ment instmetions are reprinted here for your referenee. 
The opening sereen for the experiment is shown on the 
following page. 
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1. Note that the glucose earriers display in the membrane 
builder is set at 500. Click Build Membrane to insert 
500 glucose earrier proteins into the membrane. 

2. Drag the membrane to the membrane holder between the 
beakers. 

3. inerease the glucose eoneentration to be dispensed to the 
left beaker to 2.00 m M by elieking the + button beside the 
glucose display. Click Dispense to fill the left beaker with 
2.00 m M glucose solution. 

4. Note that the eoneentration of glucose in the left beaker 
is displayed in the eoneentration window to the left of the 
beaker. Click Deionized Water and then eliek Dispense to 
fill the right beaker with deionized water. 

5. After you start the run, the barrier between the beakers will 
deseend, allowing the solutions in eaeh beaker to have aeeess 
to the dialysis membrane separating them. You will be able to 
determine the amount of solute that passes through the mem- 
brane by observing the eoneentration display to the side of eaeh 
beaker. A level above zero in glucose eoneentration in the right 
beaker indieates that glucose is diffusing from the left beaker 
into the right beaker through the seleetively permeable dialysis 
membrane. Note that the timer is set to 60 minutes. The simula- 
tion eompresses the 60-minute time period into 10 seeonds of 
real time. Click Start to start the mn and watch the eoneentra- 
tion display to the side of eaeh beaker for any aetivity. 

6. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 2). 


CHART 2 


Faeilitated Diffusion Results 
(glucose transport rate, mM/min) 



Number of glucose earrier 

proteins 

Glucose eoneentration 

500 

700 

100 

2m M 




8 m M 




10 m M 




2 m M w/2.00 m M Na + Cl” 





7. Click Flush beneath eaeh of the beakers to prepare for 
the next run. 

8. inerease the glucose eoneentration to be dispensed to the 
left beaker to 8.00 m M by elieking the + button beside the 
glucose display. Click Dispense to fill the left beaker with 
8.00 m M glucose solution. 

9. Click Deionized Water and then eliek Dispense to fill 
the right beaker with deionized water. 

10. Click Start to start the run and watch the eoneentration 
display to the side of eaeh beaker for any aetivity. 

11. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 2). 

12. Click the membrane in the membrane holder to automat- 
ieally return it to the membrane builder and then eliek Flush 
beneath eaeh beaker to prepare for the next run. 


+i) PREDICT Question 1 

What effeet do you think inereasing the number 
of protein earriers will have on the glucose 
transport rate? 


13. inerease the number of glucose earriers to 700 by eliek- 
ing the + button beneath the glucose earriers display. Click 
Build Membrane to insert 700 glucose earrier proteins into 
the membrane. 

14. Drag the membrane to the membrane holder between the 
beakers. inerease the glucose eoneentration to be dispensed 
to the left beaker to 2.00 m M. Click Dispense to fill the left 
beaker with 2.00 m M glucose solution. 

15. Click Deionized Water and then eliek Dispense to fill 
the right beaker with deionized water. 

16. Click Start to start the run and watch the eoneentration 
display to the side of eaeh beaker for any aetivity. 

17. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 2). 

18. Click Flush beneath eaeh of the beakers to prepare for 
the next run. 

19. inerease the glucose eoneentration to be dispensed to the 
left beaker to 8.00 mM. Click Dispense to fill the left beaker 
with 8.00 m M glucose solution. 

20. Click Deionized Water and then eliek Dispense to fill 
the right beaker with deionized water. 

21. Click Start to start the run and watch the eoneentration 
display to the side of eaeh beaker for any aetivity. 

22. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 2). 

23. Click the membrane in the membrane holder to automat- 
ieally return it to the membrane builder and then eliek Flush 
beneath eaeh beaker to prepare for the next run. 
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24. Deerease the number of glucose earriers to 100 by eliek- 
ing the - button beneath the glucose earriers display. Click 
Build Membrane to insert 100 glucose earrier proteins into 
the membrane. 

25. Drag the membrane to the membrane holder between the 
beakers. inerease the glucose eoneentration to be dispensed 
to the left beaker to 10.00 m M. Click Dispense to fill the left 
beaker with 10.00 m M glucose solution. 

26. Click Deionized Water and then eliek Dispense to fill 
the right beaker with deionized water. 

27. Click Start to start the run and watch the eoneentration 
display to the side of eaeh beaker for any aetivity. 

28. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 2). 

29. Click the membrane in the membrane holder to automat- 
ieally return it to the membrane builder and then eliek Flush 
beneath eaeh beaker to prepare for the next run. 

30. inerease the number of glucose earriers to 700. Click 
Build Membrane to insert 700 glucose earrier proteins into 
the membrane. 

9 PREDICT Question 2 

What effeet do you think adding Na + Ck will 
have on the glucose transport rate? 


31. inerease the glucose eoneentration to be dispensed to the 
left beaker to 2.00 mM. Click Dispense to fill the left beaker 
with 2.00 m M glucose solution. 

32. inerease the Na + Cl - eoneentration to be dispensed to 
the right beaker to 2.00 m M. Click Dispense to fill the right 
beaker with 2.00 m M Na + Cl _ solution. 

33. Click Start to start the run and watch the eoneentration 
display to the side of eaeh beaker for any aetivity. 

34. Click Reeord Data to display the results in the grid (and 
reeord your results in Chart 2). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 2. 

Aetivity Questions 

1. Are the solutes moving with or against their eoneentra- 
tion gradient in faeilitated diffusion? 


2. What happened to the rate of faeilitated diffusion when 
the number of earrier proteins was inereased? 


3. Explain why equilibrium was not reaehed with 10 m M 
glucose and 100 membrane earriers. 


4. In the simulation you added Na + Cl to test its effeet on 
glucose diffusion. Explain why there was no effeet. 


A C T I V I T Y 3 


Sirrmlating Osmotie Pressure 

OBJECTIVES 

1. To explain how osmosis is a speeial type of diffusion. 

2. To understand that osmosis is a passive proeess that 
depends upon the eoneentration gradient of water. 

3. To explain how tonieity of a solution relates to ehanges 
in eell volume. 

4. To understand eonditions that affeet osmotie pressure. 


ntroduction 

A speeial form of diffusion, ealled osmosis, is the diffusion 
of water through a seleetively permeable membrane. (A 
membrane is ealled seleetively permeable, differentially per- 
meable, or semipermeable if it allows some molecules to pass 
but not others.) Because water ean pass through the pores of 
most membranes, it ean move from one side of a membrane 
to the other relatively freely. Osmosis takes plaee whenever 
there is a differenee in water eoneentration between the two 
sides of a membrane. 

If we plaee distilled water on both sides of a membrane, 
net movement of water does not occur. Remember, however, 
that water molecules would still move between the two sides 
of the membrane. In such a situation, we would say that there 
is no net osmosis. 

The eoneentration of water in a solution depends on the 
number of solute partieles present. For this reason, inereasing 
the solute eoneentration eoineides with deereasing the water 
eoneentration. Because water moves down its eoneentration 
gradient (from an area of its higher eoneentration to an area 
of its lower eoneentration), it always moves toward the solu- 
tion with the highest eoneentration of solutes. Similarly, sol- 
utes also move down their eoneentration gradients. 

If we position a fully permeable membrane (permeable 
to solutes and water) between two solutions of differing eon- 
eentrations, then all substances—solutes and water—diffuse 
freely, and an equilibrium will be reaehed between the two 
sides of the membrane. However, if we use a seleetively per- 
meable membrane that is impermeable to the solutes, then we 
have established a eondition where water moves but solutes 
do not. Consequently, water moves toward the more eoneen- 
trated solution, resulting in a volume inerease on that side of 
the membrane. 
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By applying this eoneept to a elosed system where vol- 
umes eannot ehange, we ean prediet that the pressure in the 
more eoneentrated solution will rise. The foree that would 
need to be applied to oppose the osmosis in a elosed system is 
the osmotie pressure. Osmotie pressure is measured in mil- 
limeters ofmercury (mm Hg). In general, the more imperme- 
able the solutes, the higher the osmotie pressure. 

Osmotie ehanges ean affeet the volume of a eell when it 
is plaeed in various solutions. The eoneept of tonieity refers 
to the way a solution affeets the volume of a eell. The tonieity 
of a solution tells us whether or not a eell will shrink or swell. 
If the eoneentration of impermeable solutes is the same inside 
and outside of the eell, the solution is isotonie. If there is a 
higher eoneentration of impermeable solutes outside the eell 
than in the eell’s interior, the solution is hypertonie. Because 
the net movement of water would be out of the eell, the eell 
would shrink in a hypertonie solution. Conversely, if the eon- 
eentration of impermeable solutes is lower outside of the eell 
than in the eell’s interior, then the solution is hypotonie. The 
net movement of water would be into the eell, and the eell 
would swell and possibly burst. 


f -\ 

EQUIPMENT USED The following equipment 
will be depieted on-sereen: left and right beakers—used 
for diffusion of solutes; dialysis membranes with various 
molecular weight cutoffs (MWCOs). 

v_____ ) 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 1: Cell Transport Meehanisms and Permeability. 
Click Aetivity 3: Siimilating Osmotie Pressure, and take 
the online Pre-lab Quiz for Aetivity 3. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



1. Drag the 20 MWCO membrane to the membrane holder 
between the beakers. 

2. inerease the Na + Cl _ eoneentration to be dispensed to the 
left beaker to 5.00 m M by elieking the + button beside the 
Na + Cl _ display. Click Dispense to fill the left beaker with 
5.00 mMNa + Cf solution. 


3. Note that the eoneentration of Na + Cl _ in the left beaker 
is displayed in the eoneentration window to the left of the 
beaker. Click Deionized Water and then eliek Dispense to 
fill the right beaker with deionized water. 

4. After you start the run, the barrier between the beakers 
will deseend, allowing the solutions in eaeh beaker to have 
aeeess to the dialysis membrane separating them. You ean 
observe the ehanges in pressure in the two beakers by watch- 
ing the pressure display above eaeh beaker. You will also be 
able to determine the amount of solute that passes through the 
membrane by observing the eoneentration display to the side 
of eaeh beaker. A level above zero in Na + CE eoneentration in 
the right beaker indieates that Na + and Cl“ ions are diffusing 
from the left beaker into the right beaker through the selee- 
tively permeable dialysis membrane. Note that the timer is 
set to 60 minutes. The simulation eompresses the 60-minute 
time period into 10 seeonds of real time. Click Start to start 
the run and watch the pressure display above eaeh beaker for 
any aetivity. 

5. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 3). 


CHART 3 


Osmosis Results 


Solute 

Membrane 

(MWCO) 

Pressure on 
left (mm Hg) 

Diffusion rate 
(mM/min) 

Na + Cl” 




Na + Cl” 




Na + Cl” 




Glucose 




Glucose 




Glucose 




Albumin 

w/glucose 





6. Click Flush beneath eaeh of the beakers to prepare for 
the next run. 

7. inerease the Na + CE eoneentration to be dispensed to the 
left beaker to 10.00 m M by elieking the + button beside the 
Na + CE display. Click Dispense to fill the left beaker with 
10.00 m M Na + Cl _ solution. 

8. Click Deionized Water and then eliek Dispense to fill 
the right beaker with deionized water. 


PREDIOT Question 1 

What effeet do you think inereasing the Na + CI 
eoneentration will have? 
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9. Click Start to start the mn and watch the pressure dis- 
play above eaeh beaker for any aetivity. 

10. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 3). 

11. Click the 20 MWCO membrane in the membrane holder 
to automatically return it to the membrane eabinet and then 
eliek Flush beneath eaeh beaker to prepare for the next run. 

12. Drag the 50 MWCO membrane to the membrane holder 
between the beakers. inerease the Na + Cl _ eoneentration to be 
dispensed to the left beaker to 10.00 m M. Click Dispense to 
fill the left beaker with 10.00 m M Na + Cl _ solution. 

13. Click Deionized Water and then eliek Dispense to fill 
the right beaker with deionized water. 

14. Click Start to start the run and watch the pressure dis- 
play above eaeh beaker for any aetivity. 

15. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 3). 

16. Click the 50 MWCO membrane in the membrane holder 
to automatically return it to the membrane eabinet and then 
eliek Flush beneath eaeh beaker to prepare for the next run. 

17. Drag the 100 MWCO membrane to the membrane holder 
between the beakers. inerease the glucose eoneentration to be 
dispensed to the left beaker to 8.00 mMby elieking the + but- 
ton beside the glucose display beneath the left beaker. Click 
Dispense to fill the left beaker with 8.00 m M glucose solution. 

18. Click Deionized Water and then eliek Dispense to fill 
the right beaker with deionized water. 

19. Click Start to start the run and watch the pressure dis- 
play above eaeh beaker for any aetivity. 

20. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 3). 

2 1 . Click Flush beneath eaeh of the beakers to prepare for 
the next run. 

22. inerease the glucose eoneentration to be dispensed to the 
left beaker to 8.00 mM. Click Dispense to fill the left beaker 
with 8.00 m M glucose solution. 

23. inerease the glucose eoneentration to be dispensed to the 
right beaker to 8.00 m M by elieking the + button beside the 
glucose display beneath the right beaker. Click Dispense to 
fill the right beaker with 8.00 m M glucose solution. 

24. Click Start to start the run and watch the pressure dis- 
play above eaeh beaker for any aetivity. 

25. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 3). 

26. Click the 100 MWCO membrane in the membrane 
holder to automatically return it to the membrane eabinet and 
then eliek Flush beneath eaeh beaker to prepare for the next 
run. 

27. Drag the 200 MWCO membrane to the membrane holder 
between the beakers. inerease the glucose eoneentration to be 
dispensed to the left beaker to 8.00 mM. Click Dispense to 
fill the left beaker with 8.00 m M glucose solution. 


28. Click Deionized Water and then eliek Dispense to fill 
the right beaker with deionized water. 

29. Click Start to start the run and watch the pressure dis- 
play above eaeh beaker for any aetivity. 

30. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 3). 

3 1 . Click Flush beneath eaeh of the beakers to prepare for 
the next run. 

32. inerease the albumin eoneentration to be dispensed to 
the left beaker to 9.00 m M. Click Dispense to fill the left 
beaker with 9.00 m M albumin solution. 

33. inerease the glucose eoneentration to be dispensed to the 
right beaker to 10.00 m M. Click Dispense to fill the right 
beaker with 10.00 m M glucose solution. 

PREDICT Question 2 

What do you think will be the pressure result of 
the current experimental eonditions? 


34. Click Start to start the run and watch the pressure dis- 
play above eaeh beaker for any aetivity. 

35. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 3). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 3. 

Aetivity Questions 

1. Which membrane resulted in the greatest pressure with 
Na + Cl _ as the solute? Why? 


2. Explain what happens to the osmotie pressure with in- 
ereasing solute eoneentration. 


3. If the solutes are allowed to diffuse, is osmotie pressure 
generated? 


4. If the solute eoneentrations are equal, is osmotie pres- 
sure generated? Why or why not? 
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A C T I V I T Y 4 


Simulating Filtration 

OBJECTIVES 

1. To understand that filtration is a passive proeess 
dependent upon a pressure gradient. 

2. To understand that filtration is not a seleetive proeess. 

3. To explain that the size of the membrane pores will 
determine what passes through. 

4. To explain the effeet that inereasing the hydrostatie 
pressure has on the filtration rate and how this 
eorrelates to events in the body. 

5. To understand the relationship between molecular 
weight and molecular size. 


lntroduction 

Filtration is the proeess by which water and solutes pass 
through a membrane (such as a dialysis membrane) from 
an area of higher hydrostatie (fluid) pressure into an area 
of lower hydrostatie pressure. Like diffusion, filtration is a 
passive proeess. For example, fluids and solutes filter out of 
the eapillaries in the kidneys into the kidney tubules because 
blood pressure in the eapillaries is greater than the fluid pres- 
sure in the tubules. So, if blood pressure inereases, the rate of 
filtration inereases. 

Filtration is not a seleetive proeess. The amount of 
filtrate —the fluids and solutes that pass through the mem- 
brane—depends almost entirely on the pressure gradient (the 
differenee in pressure between the solutions on the two sides of 
the membrane) and on the size of the membrane pores. Solutes 
that are too large to pass through are retained by the eapillaries. 
These solutes usually include blood eells and proteins. Ions and 
smaller molecules, such as glucose and urea, ean pass through. 

In this aetivity the pore size is measured as a moleenlar 
weight cutoff(MWCO), which is indieated by the number below 
the filtration membrane. You ean think of MWCO in terms of 
pore size: the larger the MWCO number, the larger the pores 
in the filtration membrane. The molecular weight of a solute 
is the number of grams per mole, where a mole is the eonstant 
Avogadro’s number 6.02 X 10 23 molecules/mole. You will also 
analyze the filtration membrane for the presenee or absenee of 
solutes that might be left stieking to the membrane. 

( \ 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: top and bottom beakers—used 
for filtration of solutes; dialysis membranes with various 
molecular weight cutoffs (MWCOs); membrane residue 
analysis station—used to analyze the filtration membrane. 


Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 1: Cell Transport Meehanisms and Permeability. 
Click Aetivity 4: Simulating Filtration and take the online 
Pre-lab Quiz for Aetivity 4. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown above. 



1. Drag the 20 MWCO membrane to the membrane holder 
between the beakers. 

2. inerease the eoneentration of Na + CF, urea, glucose, and 
powdered ehareoal to be dispensed to 5.00 mg/ml by eliek- 
ing the + button beside the display for eaeh solute. Click 
Dispense to fill the top beaker. 

3. After you start the run, the membrane holder below 
the top beaker retraets, and the solution will filter through 
the membrane into the beaker below. You will be able to 
determine whether solute partieles are moving through the 
filtration membrane by observing the eoneentration displays 
beside the bottom beaker. A rise in deteeted solute eoneen- 
tration indieates that the solute partieles are moving through 
the filtration membrane. Note that the pressure is set at 
50 mm Hg and the timer is set to 60 minutes. The simulation 
eompresses the 60-minute time period into 10 seeonds of real 
time. Click Start to start the run and watch the eoneentration 
displays beside the bottom beaker for any aetivity. 

4. Drag the 20 MWCO membrane to the holder in the 
membrane residue analysis unit. Click Start Analysis to 
begin analysis (and eleaning) of the membrane. 

5. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). 

6. Click the 20 MWCO membrane in the membrane holder 
to automatically return it to the membrane eabinet and then 
eliek Flush to prepare for the next run. 

PREDICT Question 1 

What effeet will inereasing the pore size of the 
filter have on the filtration rate? 


7. Drag the 50 MWCO membrane to the membrane holder 
between the beakers. With the eoneentration of Na + Cl , urea, 
glucose, and powdered ehareoal still set to 5.00 mg/ml, eliek 
Dispense to fill the top beaker. 

8. Click Start to start the run and watch the eoneentration 
displays beside the bottom beaker for any aetivity. 
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CHART 4 


Filtration Results 




Membrane (MWCO) 



20 

50 

200 

200 

Solute 

Filtration rate (ml/min) 





Na + Cl” 

Filter eoneentration (mg/ml) 






Membrane residue 





Urea 

Filter eoneentration (mg/ml) 






Membrane residue 





Glucose 

Filter eoneentration (mg/ml) 






Membrane residue 





Powdered ehareoal 

Filter eoneentration (mg/ml) 






Membrane residue 






9. Drag the 50 MWCO membrane to the holder in the 
membrane residue analysis unit. Click Start Analysis to 
begin analysis (and eleaning) of the membrane. 

10. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). 

11. Click the 50 MWCO membrane in the membrane holder 
to automatically return it to the membrane eabinet and then 
eliek Flush to prepare for the next run. 

12. Drag the 200 MWCO membrane to the membrane holder 
between the beakers. With the eoneentration of Na + Cl , urea, 
glucose, and powdered ehareoal still set to 5.00 mg/ml, eliek 
Dispense to fill the top beaker. 

13. Click Start to start the run and watch the eoneentration 
displays beside the bottom beaker for any aetivity. 

14. Drag the 200 MWCO membrane to the holder in the 
membrane residue analysis unit. Click Start Analysis to 
begin analysis (and eleaning) of the membrane. 

15. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). 

16. Click the 200 MWCO membrane in the membrane 
holder to automatically return it to the membrane eabinet and 
then eliek Flush to prepare for the next run. 

P R E DICT Question 2 

What will happen if you inerease the pressure 
above the beaker (the driving pressure)? 


17. inerease the pressure to 100 mm Hg by elieking on the 
+ button beside the pressure display above the top beaker. 

18. Drag the 200 MWCO membrane to the membrane holder 
between the beakers. With the eoneentration of Na + Cl _ , urea, 
glucose, and powdered ehareoal still set to 5.00 mg/ml, eliek 
Dispense to fill the top beaker. 

19. Click Start to start the run and watch the eoneentration 
displays beside the bottom beaker for any aetivity. 

20. Drag the 200 MWCO membrane to the holder in the 
membrane residue analysis unit. Click Start Analysis to 
begin analysis (and eleaning) of the membrane. 

21. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). 

After you eomplete the Experiment, take the online Post- 
lab Quiz for Aetivity 4. 

Aetivity Questions 

1. Explain your results with the 20 MWCO filter. Why 
weren’t any of the solutes present in the filtrate? 


2. Deseribe two variables that affeeted the rate of filtration 
in your experiments. 
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3. Explain how you ean inerease the filtration rate through 
living membranes. 


4. Judging from the filtration results, indieate which solute 
has the largest molecular weight. 


A C T I V I T Y 5 


Simiilating Aetive Transport 

OBJECTIVES 

1. To understand that aetive transport requires cellular 
energy in the form of ATP. 

2. To explain how the balanee of sodium and potassium 
is maintained by the Na + -K + pump, which moves both 
ions against their eoneentration gradients. 

3. To understand coupled transport and be able to 
explain how the movement of sodium and potassium is 
independent of other solutes, such as glucose. 


ntroduction 

Whenever a eell uses cellular energy (ATP) to move sub- 
stanees aeross its membrane, the proeess is an aetive trans- 
port proeess. Substances moved aeross eell membranes by 
an aetive transport proeess are generally unable to pass by 
diffusion. There are several reasons why a substance might 
not be able to pass through a membrane by diffusion: it might 
be too large to pass through the membrane pores, it might not 
be lipid soluble, or it might have to move against , rather than 
with, a eoneentration gradient. 

In one type of aetive transport, substances move aeross 
the membrane by eombining with a earrier-protein molecule. 
This kind of proeess resembles an enzyme-substrate interae- 
tion. ATP hydrolysis provides the driving foree, and, in many 
eases, the substances move against eoneentration gradients 
or eleetroehemieal gradients or both. The earrier proteins are 
eommonly ealled solute pumps. Substances that are moved 
into eells by solute pumps include amino aeids and some sug- 
ars. Both of these kinds of solutes are neeessary for the life 
of the eell, but they are lipid insoluble and too large to pass 
through membrane pores. 

In eontrast, sodium ions (Na + ) are ejeeted from the 
eells by aetive transport. There is more Na + outside the eell 
than inside the eell, so Na + tends to remain in the eell unless 
aetively transported out. In the body, the most eommon type 
of solute pump is the Na + -K + (sodium-potassium) pump, 
which moves Na + and K + in opposite direetions aeross eel- 
lular membranes. Three Na + ions are ejeeted from the eell for 
every two K + ions entering the eell. Note that there is more 
K + inside the eell than outside the eell, so K + tends to remain 
outside the eell unless aetively transported in. 

Membrane earrier proteins that move more than one 
substance, such as the Na + -K + pump, partieipate in cou- 
pled transport. If the solutes move in the same direetion, the 


earrier is a symporter. If the solutes move in opposite diree- 
tions, the earrier is an antiporter. A earrier that transports 
only a single solute is a uniporter. 

r \ 

EQUIPMENT USED The following equipment 
will be depieted on-sereen: Simulated eell inside a large 
beaker. 

v_ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 1: Cell Transport Meehanisms and Permeability. 
Click Aetivity 5: Simulating Aetive Transport and take the 
online Pre-lab Quiz for Aetivity 5. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



1. Note the number of Na + -K + pumps is set at 500. Click 
Dispense to the left of the beaker to deliver 9.00 m M Na + CE 
solution to the eell. 

2. inerease the K + C1 _ eoneentration to be delivered to the 
beaker to 6.00 mMby elieking the + button beside the K + C1 _ 
display. Click Dispense to the right of the beaker to deliver 
6.00 m M K + C1“ solution to the beaker. 

3. inerease the ATP eoneentration to 1.00 m M by elieking 
the + button beside the ATP display above the beaker. Click 
Dispense ATP to deliver 1.00 m M ATP solution to both sides 
of the membrane. 

4. After you start the run, the solutes will move aeross the 
eell membrane, simulating aetive transport. You will be able 
to determine the amount of solute that is transported aeross 
the membrane by observing the eoneentration displays on 
both sides of the beaker (the display on the left shows the 
eoneentrations inside the eell and the display on the right 
shows the eoneentrations inside the beaker). Note that the 
timer is set to 60 minutes. The simulation eompresses the 
60-minute time period into 10 seeonds of real time. Click 
Start to start the run and watch the eoneentration displays on 
both sides of the beaker for any aetivity. 
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5. Click Reeord Data to display your results in the grid. 

6. Click Flush to reset the beaker and simulated eell. 

7. Click Dispense to the left of the beaker to deliver 
9.00 m M Na + Cl solution to the eell. 

8. inerease the K + C1 - eoneentration to be delivered to the 
beaker to 6.00 mMby elieking the + button beside the K + C1 _ 
display. Click Dispense to the right of the beaker to deliver 
6.00 m M K + C1“ solution to the beaker. 

9. inerease the ATP eoneentration to 3.00 m M by eliek- 
ing the + button beside the ATP display above the beaker. 
Click Dispense ATP to deliver 3.00 m M ATP solution to 
both sides of the membrane. 

10. Click Start to start the run and watch the eoneentration 
displays on both sides of the beaker for any aetivity. 

11 . Click Reeord Data to display your results in the grid. 

12. Click Flush to reset the beaker and simulated eell. 

13. Click Dispense to the left of the beaker to deliver 
9.00 m M Na + Cl solution to the eell. 

14. Click Deionized Water to the right of the beaker and 
then eliek Dispense to deliver deionized water to the beaker. 

15. inerease the ATP eoneentration to 3.00 m M. Click 
Dispense ATP to deliver 3.00 m M ATP solution to both 
sides of the membrane. 

PREDICT Question 1 

What do you think will result from these 
experimental eonditions? 


16. Click Start to start the run and watch the eoneentration 
displays on both sides of the beaker for any aetivity. 

17. Click Reeord Data to display your results in the grid. 

18. Click Flush to reset the beaker and simulated eell. 

19. inerease the number of Na + -K + pumps to 800 by eliek- 
ing the + button beneath the Na + -K + pump display. Click 
Dispense to the left of the beaker to deliver 9.00 m M Na + Cl _ 
solution to the eell. 

20. inerease the K + C1 _ eoneentration to be delivered to the 
beaker to 6.00 m M. Click Dispense to the right of the beaker 
to deliver 6.00 m M K + C1 - solution to the beaker. 

21. inerease the ATP eoneentration to 3.00 m M. Click 
Dispense ATP to deliver 3.00 m M ATP solution to both 
sides of the membrane. 

22. Click Start to start the run and watch the eoneentration 
displays on both sides of the beaker for any aetivity. 

23. Click Reeord Data to display your results in the grid. 

24. Click Flush to reset the beaker and simulated eell. 


25. With the number of Na + -K + pumps still set to 800, 
inerease the number of glucose earriers to 400 by elieking 
the + button beneath the glucose earriers display. Click 
Dispense to the left of the beaker to deliver 9.00 m M Na + Cl 
solution to the eell. 

PREDICT Question 2 

Do you think the addition of glucose earriers will 
affeet the transport of sodium or potassium? 


26. inerease the K + C1 _ eoneentration to be delivered to the 
beaker to 6.00 m M. inerease the glucose eoneentration to be 
delivered to the beaker to 10.00 mM. Click Dispense to the 
right of the beaker to deliver 6.00 m M K + C1 _ and 10.00 m M 
glucose solution to the beaker. 

27. inerease the ATP eoneentration to 3.00 m M. Click 
Dispense ATP to deliver 3.00 m M ATP solution to both 
sides of the membrane. 

28. Click Start to start the run and watch the eoneentration 
displays on both sides of the beaker for any aetivity. 

29. Click Reeord Data to display your results in the grid. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 5. 

Aetivity Questions 

1. In the initial trial the number of Na + -K + pumps is set to 
500, the Na + Ck eoneentration is set to 9.00 mM, the K + C1 
eoneentration is set to 6.00 m M, and the ATP eoneentration 
is set to 1.00 m M. Explain what happened and why. What 
would happen if no ATP had been dispensed? 


2. Why was there no transport when you dispensed only 
Na + Cl _ , even though ATP was present? 


3. What happens to the rate of transport of Na + and K + 
when you inerease the number of Na + -K + pumps? 


4. Explain why the Na + and K + transports were unaffected 
by the addition of glucose. 
















NAME _ 

LAB TIME/DATE 



AOTIVITY 1 


Simiilating Dialysis (Simple Diffusion) 


1. Deseribe two variables that affeet the rate of diffusion. 


2. Why do you think the urea was not able to diffuse through the 20 MWCO membrane? How well did the results eompare 

with your predietion?_ 

3. Deseribe the results of the attempts to diffuse glucose and albumin through the 200 MWCO membrane. How well did the 

resiilts eompare with your predietion?_ 


4. Put the following in order from smallest to largest molecular weight: glucose, sodium ehloride, albumin, and urea. 


AOTIVITY 2 


Simulated Faeilitated Diffusion 


1. Explain one way in which faeilitated diffusion is the same as simple diffusion and one way in which it differs. 



The larger value obtained when more glucose earriers were present eorresponds to an inerease in the rate of glucose transport. 
Explain why the rate inereased. How well did the results eompare with your predietion? _ 



Explain your predietion for the effeet Na + Cl might have on glucose transport. In other words, explain why you pieked the 
ehoiee that you did. How well did the results eompare with your predietion?_ 


A C T I V I T Y 3 


Simulating Osmotie Pressure 



Explain the effeet that inereasing the Na + Cl eoneentration had on osmotie pressure and why it has this effeet. How well did 
the results eompare with your predietion? _ 
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Review Sheet 1 


2. Deseribe one way in which osmosis is similar to simple diffusion and one way in which it is different. 


3. Solutes are sometimes measured in milliosmoles. Explain the statement, “Water ehases milliosmoles.” 



The eonditions were 9 m M albumin in the left beaker and 10 m M glucose in the right beaker with the 200 MWCO membrane 
in plaee. Explain the results. How well did the results eompare with your predietion?_ 


A C T I V I T Y 4 


Simulating Filtration 



Explain in your own words why inereasing the pore size inereased the filtration rate. Use an analogy to support your state- 
ment. How well did the results eompare with your predietion?_ 


2. Which solute did not appear in the filtrate using any of the membranes? Explain why. 



Why did inereasing the pressure inerease the filtration rate but not the eoneentration of solutes? How well did the results 
eompare with your predietion?_ 


A C T I V I T Y 5 


Sirrmlating Aetive Transport 



Deseribe the signifieanee of using 9 m M sodium ehloride inside the eell and 6 m M potassium ehloride outside the eell, 
instead of other eoneentration ratios. 


2. Explain why there was no sodium transport even though ATP was present. How well did the results eompare with your 

predietion?_ 

3. Explain why the addition of glucose earriers had no effeet on sodium or potassium transport. How well did the results 

eompare with your predietion?_ 

4. Do you think glucose is being aetively transported or transported by faeilitated diffusion in this experiment? Explain your 
answer. 
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Skeletal Muscle Physiology 

PRE-LAB Q U I Z 

1. Circle the eorreet underlined term: Tendons / Ligaments attaeh skeletal 
muscle to the periosteum of bones. 

2. A motor unit eonsists of: 

a. a speeialized region of the motor end plate 

b. a motor neuron and all of the muscle eells it innervates 
e. a motor fiber and a neuromuscular junction 

d. a muscle fiber’s plasma membrane 

3. During the_phase of a muscle twitch, ehemieal 

ehanges—such as the release of calcium—are occurring intracellularly 
as the muscle prepares for eontraetion. 

a. latent e. coupling 

b. excitation d. relaxation 

4. Circle the eorreet underlined term: An aetion potential in a motor 
neuron triggers the release of aeetvleholine / maqnesium . 

5. Circle True or False: When a weak muscle eontraetion occurs, eaeh 
motor unit still develops its maximum tension even though fewer motor 
units are aetivated. 

6. Circle True or False: During wave summation, muscle twitches follow 
eaeh other elosely, resulting in a step-like inerease in foree, so that 
eaeh successive twitch peaks slightly higher than the one before, 
resulting in a stairease effeet. 

7. The smallest stimulus required to induce an aetion potential in a muscle 
fiber’s plasma membrane is known as the: 

a. maximal voltage e. strong voltage 

b. stimulus voltage d. threshold voltage 

8. Muscles do not shorten even though they are aetively eontraeting 

during a(n)_eontraetion. 

a. isotonie e. tetanie 

b. isometrie d. treppe 


Exercise Overview 

Humans make vokmtary deeisions to walk, talk, stand up, and sit down. Skeletal 
muscles, which are usually attaehed to the skeleton, make these aetions possible 
(view Figure 2.1). Skeletal muscles eharaeteristieally span two joints and attaeh 
to the skeleton via tendons, which attaeh to the periosteum of a bone. Skeletal 
muscles are eomposed of hundreds to thousands of individual eells ealled muscle 
fibers, which produce muscle tension (also referred to as muscle foree). Skel- 
etal muscles are remarkable maehines. They provide us with the manual dexter- 
ity to ereate magnifieent works of art and ean generate the brnte foree needed to 
lift a 45-kilogram saek of eonerete. 

When a skeletal muscle is isolated from an experimental animal and mounted 
on a foree transducer, you ean generate muscle eontraetions with eontrolled 
eleetrieal stimulation. Importantly, the eontraetions of this isolated muscle are 
known to mimie those of working muscles in the body. That is, in vitro experi- 
ments reproduce in vivo functions. Therefore, the aetivities you perform in this 
exercise will give you valuable insight into skeletal muscle physiology. 


PEx-17 
















PEx-18 


Exercise 2 


Bone 



Muscle fiber (eell) 


Protein filaments 


Muscle fibers 
in faseiele 


Nucleus 


FIG U R E 2.1 Structure of a skeletal miisele. 


A C T I V I T Y 1 


The Muscle Tvviteh and the Latent Period 

OBJECTIVES 

1. To understand the terms excitation-contraction coupling, 
eleetrieal stimulus, muscle tvviteh, latent period, 
eontraetion phase, and relaxation phase. 

2. To initiate muscle tvvitehes with eleetrieal stimuli of 
varying intensity. 

3. To identify and measure the duration of the latent period. 


lntroduction 

A motor unit eonsists of a motor neuron and all of the 
muscle fibers it innervates. The motor neuron and a muscle 
fiber interseet at the neuromuscular junction. Speeifieally, 
the neuromuscular junction is the loeation where the axon ter- 
minal of the neuron meets a speeialized region of the muscle 
fiber’ s plasma membrane. This speeialized region is ealled the 
motor end plate. 

An aetion potential in a motor neuron triggers the release 
of aeetyleholine from its terminal. Aeetyleholine then diffuses 
onto the muscle fiber’s plasma membrane (or sareolemma) 
and binds to reeeptors in the motor end plate, initiating a 
ehange in ion permeability that results in a graded depolari- 
zation of the muscle plasma membrane (the end-plate poten- 
tial). The events that occur at the neuromuscular junction lead 
to the end-plate potential. The end-plate potential triggers 
a series of events that results in the eontraetion of a mus- 
ele eell. This entire proeess is ealled excitation-contraction 
coupling. 


You will be simulating excitation-contraction coupling in 
this and subsequent aetivities, but you will be using eleetrieal 
pulses, rather than aeetyleholine, to trigger aetion potentials. 
The pulses will be administered by an eleetrieal stimulator 
that ean be set for the preeise voltage, frequency, and duration 
of shoek desired. When applied to a muscle that has been sur- 
gieally removed from an animal, a single eleetrieal stimulus 
will result in a muscle twitch —the meehanieal response to a 
single aetion potential. A muscle twitch has three phases: the 
latentperiod, the eontraetion phase, and the relaxation phase. 

1. The latent period is the period of time that elapses be- 
tween the generation of an aetion potential in a muscle eell 
and the start of muscle eontraetion. Although no foree is gen- 
erated during the latent period, ehemieal ehanges (including 
the release of calcium from the sareoplasmie reticulum) oe- 
cur intracellularly in preparation for eontraetion. 

2. The eontraetion phase starts at the end of the latent 
period and ends when muscle tension peaks. 

3. The relaxation phase is the period of time from peak 
tension until the end of the muscle eontraetion 


r \ 

EQUIPMENT USED The following equipment will be 

depieted on-sereen: intaet, viable skeletal muscle dis- 

seeted off the leg of a frog; eleetrieal stimulator—delivers 

the desired amount and duration of stimulating voltage to 

the muscle via eleetrodes resting on the muscle; mounting 

stand—includes a foree transducer to measure the amount of 

foree, or tension, developed by the muscle; oseilloseope— 

displays the stimulated muscle twitch and the amount of 

aetive, passive, and total foree developed by the muscle. 
v___:_ J 
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Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 2: Skeletal Muscle Physiology. Click Aetivity 1: 
The Muscle Twitch and the Latent Period, and take the 
online Pre-lab Quiz for Aetivity 1. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 
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1. Note that the voltage on the stimulator is set to 0.0 volts. 
Click Stimulate to deliver an eleetrieal stimulus to the mus- 
ele and observe the traeing that results. 

2. The traeing on the oseilloseope indieates aetive muscle 
foree. Note whether any muscle foree developed with the 
voltage set to zero. Click Reeord Data to display your results 
in the grid (and reeord your results in Chart 1). 


C H ART 1 


Latent Period Results 


Voltage 

Aetive foree (g) 

Latent period 
(msee) 




















3. inerease the voltage to 3.0 volts by elieking the + button 
beside the voltage display. 

4. Click Stimulate and observe the traeing that results. 


5. Note the muscle foree that developed. Click Reeord 
Data to display your results in the grid (and reeord your 
results in Chart 1). 

6. Click Clear Traeings to remove the traeings from the 
oseilloseope. 

7. inerease the voltage to 4.0 volts by elieking the + button 
beside the voltage display. 

8. Click Stimulate and observe the traeing that results. 
Note that the traee starts at the left side of the sereen and stays 
flat for a short period of time. Remember that the X-axis dis- 
plays elapsed time in milliseeonds. Also note how the foree 
during the twitch also ehanges. 

9. Click Measure on the stimulator. A thin, vertieal yellow 
line appears at the far left side of the oseilloseope sereen. 
To measure the length of the latent period, you measure the 
time between the applieation of the stimulus and the begin- 
ning of the first observable response (here, an inerease in 
foree). Click the + button beside the time display. You will 
see the vertieal yellow line start to move aeross the sereen. 
Watch what happens in the time (msee) display as the line 
moves aeross the sereen. Keep elieking the + button until 
the yellow line reaehes the point in the traeing where the 
graph stops being a flat line and begins to rise (this is the 
point at which muscle tension starts to develop). If the yel- 
low line moves past the desired point, eliek the - button to 
move it backward. 

When the yellow line is positioned eorreetly, eliek 
Reeord Data to display the latent period in the grid (and 
reeord your results in Chart 1). 

10. Click Clear Traeings to remove the traeings from the 
oseilloseope. 


P R E DIC T Question 1 

Will ehanges to the stimiiliis voltage alter the 
duration of the latent period? Explain. 


11. You will now gradually inerease the voltage to observe 
how ehanges to the stimulus voltage alter the duration of the 
latent period. 

• inerease the voltage by 2.0 volts. 

• Click Stimulate and observe the traeing that results. 

• Click Measure on the stimulator and then eliek the 
+ button until the yellow line reaehes the point in the 
traeing where the graph stops being a flat line and begins 
to rise. 

• Click Reeord Data (and reeord your results in Chart 1). 

Repeat this step until you reaeh 10.0 volts. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 1. 
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Exercise 2 


Aetivity Questions 

1. Draw a graph that depiets a single skeletal muscle twitch, 
plaeing time on the X-axis and foree on the Y-axis. Label the 
phases of this muscle twitch and deseribe what is happening 
in the muscle during eaeh phase. 


2. During the latent period of a skeletal muscle twitch, there is 
an apparent laek of muscle aetivity. Deseribe the eleetrieal and 
ehemieal ehanges that occur in the muscle during this period. 


A C T I V I T Y 2 


The Effeet of Stimulus Voltage 
on Skeletal Muscle Contraction 

OBJECTIVES 

1. To understand the terms motor neuron, muscle tvviteh, 
motor unit, reemitment, stimulus voltage, threshold 
stimulus, and maximal stimulus. 

2. To understand how motor unit reemitment ean inerease 
the tension a whole muscle develops. 

3. To identify a threshold stimulus voltage. 

4. To observe the effeet of inereases in stimulus voltage on 
a whole muscle. 

5. To understand how inereasing stimulus voltage to an 
isolated muscle in an experiment mimies motor unit 
reemitment in the body. 


lntroduction 

A skeletal muscle produces tension (also known as muscle 
foree) when nervous or eleetrieal stimulation is applied. The 
foree generated by a whole muscle refleets the number of aetive 
motor units at a given moment. A strong muscle eontraetion 
implies that many motor units are aetivated, with eaeh unit 
developing its maximal tension, or foree. A weak muscle eon- 
traetion implies that fewer motor units are aetivated, but eaeh 
motor unit still develops its maximal tension. By inereasing the 
number of aetive motor units, we ean produce a steady inerease 
in muscle foree, a proeess ealled motor unit recruitment. 

Regardless of the number of motor units aetivated, a sin- 
gle stimulated eontraetion of whole skeletal muscle is ealled 


a muscle twitch. A traeing of a muscle twitch is divided into 
three phases: the latent period, the eontraetion phase, and the 
relaxation phase. The latent period is a short period between 
the time of muscle stimulation and the beginning of a muscle 
response. Although no foree is generated during this inter- 
val, ehemieal ehanges occur intracellularly in preparation 
for eontraetion (including the release of calcium from the 
sareoplasmie reticulum). During the eontraetion phase, the 
myofilaments utilize the eross-bridge eyele and the muscle 
develops tension. Relaxation takes plaee when the eontrae- 
tion has ended and the muscle returns to its normal resting 
state and length. 

In this aetivity you will stimulate an isometrie, or fixed- 
length, eontraetion of an isolated skeletal muscle. This aetiv- 
ity allows you to investigate how the strength of an eleetrieal 
stimulus affeets whole-muscle function. Note that these simu- 
lations involve indireet stimulation by an eleetrode plaeed on 
the surface of the muscle. indireet stimulation differs from 
the situation in vivo, where eaeh fiber in the muscle reeeives 
direet stimulation via a nerve ending. Nevertheless, inereas- 
ing the intensity of the eleetrieal stimulation mimies how the 
nervous system inereases the number of aetivated motor units. 

The threshold voltage is the smallest stimulus required 
to induce an aetion potential in a muscle fiber’ s plasma mem- 
brane, or sareolemma. As the stimulus voltage to a muscle is 
inereased beyond the threshold voltage, the amount of foree 
produced by the whole muscle also inereases. This result 
occurs because, as more voltage is delivered to the whole 
muscle, more muscle fibers are aetivated and, thus, the total 
foree produced by the muscle inereases. Maximal tension 
in the whole muscle occurs when all the muscle fibers have 
been aetivated by a sufficiently strong stimulus (referred to as 
the maximal voltage). Stimulation with voltages greater than 
the maximal voltage will not inerease the foree of eontrae- 
tion. This experiment is analogous to, and accurately mimies, 
muscle aetivity in vivo, where the reemitment of additional 
motor units inereases the total muscle foree produced. This 
phenomenon is ealled motor unit reemitment. 

( 'N 

EQUIPMENT USED The following equipment 
will be depieted on-sereen: intaet, viable skeletal mus- 
ele disseeted off the leg of a frog; eleetrieal stimulator— 
delivers the desired amount and duration of stimulating 
voltage to the muscle via eleetrodes resting on the muscle; 
mounting stand—includes a foree transducer to measure 
the amount of foree, or tension, developed by the muscle; 
oseilloseope—displays the stimulated muscle twitch and 
the amount of aetive, passive, and total foree developed 
by the muscle. 

v_ j 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 2: Skeletal Muscle Physiology. Click Aetivity 2: 
The Effeet of Stimulus Voltage on Skeletal Muscle Con- 
traetion, and take the online Pre-lab Quiz for Aetivity 2. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experi- 
ment instmetions are reprinted here for your referenee. 
The opening sereen for the experiment is shown on the 
following page. 
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1. Note that the voltage on the stimiilator is set to 0.0 volts. 
Click Stimulate to deliver an eleetrieal stimulus to the mus- 
ele and observe the traeing that results. 

2. Note the aetive foree display and then eliek Reeord Data 
to display your results in the grid (and reeord your results in 
Chart 2). 

3. inerease the voltage to 0.2 volts by elieking the + but- 
ton beside the voltage display. Click Stimulate to deliver an 
eleetrieal stimulus to the muscle and observe the traeing that 
results. 

4. Note the aetive foree display and then eliek Reeord Data 
to display your results in the grid (and reeord your results in 
Chart 2). 

5. You will now gradually inerease the voltage and stimu- 
late the muscle to determine the minimum voltage required to 
generate aetive foree. 

• inerease the voltage by 0.1 volts and then eliek 

Stiimdate. 

• If no aetive foree is generated, inerease the voltage by 
0.1 volts and stimulate the muscle again. When aetive 
foree is generated, eliek Reeord Data to display your 
results in the grid (and reeord your results in Chart 2). 

6. Enter the threshold voltage for this experiment in the 

field below and then eliek Submit to reeord your answer in 
the lab report._volts 

7. Click Clear Traeings to elear the traeings on the 
oseilloseope. 


PREDICT Questíon 1 

As the stimulus voltage is inereased from 1.0 volt 
up to 10 volts, what will happen to the amount 
of aetive foree generated with eaeh stimulus? 


8. inerease the voltage on the stimulator to 1.0 volt and 
then eliek Stimulate. 


CHART 2 

Effeet of Stirrmliis Voltage 
on Skeletal Muscle Contraction 

Voltage 

Aetive foree (g) 














































10. You will now gradually inerease the voltage and stimu- 
late the muscle to determine the maximal voltage. 

• inerease the voltage by 0.5 volts. 

• Click Stimulate and observe the traeing that results. 

• Note the aetive foree display and then eliek Reeord 
Data to display your results in the grid (and reeord your 
results in Chart 2). 

Repeat this step until you reaeh 10.0 volts. 

11. Click Plot Data to view a summary of your data on 
a plotted grid. Click Submit to reeord your plot in the lab 
report. 


9. Note the aetive foree display and then eliek Reeord Data 
to display your results in the grid (and reeord your results in 
Chart 2). 


12. Enter the maximal voltage for this experiment in the 
field below and then eliek Submit to reeord your answer in 
the lab report._volts 
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Exercise 2 


After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 2. 

Aetivity Questions 

1. For a single skeletal muscle twitch, explain the effeet of 
inereasing stimulus voltage. 


2. How is this effeet aehieved in vivo? 



A C T I V I T Y 3 


The Effeet of Stimulus Frequency 
on Skeletal Muscle Contraction 

OBJECTIVES 

1. To understand the terms stimulus frequency, wave 
summation, and treppe. 

2. To observe the effeet of an inereasing stimulus frequency 
on the foree developed by an isolated skeletal muscle. 

3. To understand how inereasing stimulus frequency to 
an isolated skeletal muscle induces the summation of 
twitch foree. 


lntroduction 

As demonstrated in Aetivity 2, inereasing the stimulus volt- 
age to an isolated skeletal muscle (up to a maximal value) 
results in an inerease of foree produced by the whole muscle. 
This experimental result is analogous to motor unit reemit- 
ment in the body. Importantly, this result relies on being able 
to inerease the single stimulus intensity in the experiment. 
You will now explore another way to inerease the foree pro- 
duced by an isolated skeletal muscle. 

When a muscle first eontraets, the foree it is able to 
produce is less than the foree it is able to produce with sub- 
sequent stimulations within a relatively short time span. 
Treppe is the progressive inerease in foree generated when a 
muscle is stimulated in succession, such that muscle twitches 
follow one another elosely, with eaeh successive twitch peak- 
ing slightly higher than the one before. This step-like inerease 
in foree is why treppe is also known as the stairease effeet. 
For the first few twitches, eaeh successive twitch produces 
slightly more foree than the previous twitch as long as the 
muscle is allowed to fully relax between stimuli and the stim- 
uli are delivered relatively elose together. 

When a skeletal muscle is stimulated repeatedly, such 
that the stimuli arrive one after another within a short period 
of time, muscle twitches ean overlap with eaeh other and 
result in a stronger muscle eontraetion than a stand-alone 
twitch. This phenomenon is known as wave summation. 


Wave summation occurs when muscle fibers that are devel- 
oping tension are stimulated again before the fibers have 
relaxed. Thus, wave summation is aehieved by inereasing 
the stimulus frequency, or rate of stimulus delivery to the 
muscle. Wave summation occurs because the muscle fibers 
are already in a partially eontraeted state when subsequent 
stimuli are delivered. 

( 'N 

EQUIPMENT USED The following equipment 
will be depieted on-sereen: intaet, viable skeletal muscle 
disseeted off the leg of a frog; an eleetrieal stimulator— 
delivers the desired amount and duration of stimulating 
voltage to the muscle via eleetrodes resting on the muscle; 
mounting stand—includes a foree transducer to measure 
the amount of foree, or tension, developed by the muscle; 
oseilloseope—displays the stimulated muscle twitch and 
the amount of aetive, passive, and total foree developed 
by the muscle. 

v___ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 

Exercise 2: Skeletal Muscle Physiology. Click Aetivity 3: 
The Effeet of Stimulus Frequency on Skeletal Muscle 
Contraction, and take the online Pre-lab Quiz for 
Aetivity 3. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



1. Note that the voltage on the stimulator is set to 8.5 volts. 
Click Single Stimulus and observe the traeing that results on 
the oseilloseope. 

2. Note the aetive foree display and then eliek Reeord Data 
to display your results in the grid (and reeord your results in 
Chart 3). 

3. Click Single Stimulus and allow the traee to rise and 
eompletely fall. Immediately after the traee has returned to 
baseline, eliek Single Stimulus again. 
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CHART 3 

Effeet of Stirrmiiis Frequency 
on Skeletal Muscle Contraction 

Voltage 

Stimulus 

Aetive foree (g) 




















4. Note the aetive foree for the seeond muscle twitch and 
eliek Reeord Data to display your results in the grid (and 
reeord your results in Chart 3). 

5. You should have observed an inerease in aetive 
foree generated by the muscle with the immediate seeond 
stimulus. This inerease demonstrates the phenomenon of 
treppe. Click Clear Traeings to elear the traeings on the 
oseilloseope. 

6. You will now investigate the proeess of wave summa- 
tion. Click Single Stimulus and watch the traee rise and 
begin to fall. Before the traee falls eompletely baek to the 
baseline, eliek Single Stimulus again. (You ean simply 
eliek Single Stimulus twice in quick succession in order to 
aehieve this.) 

7. Note the aetive foree for the seeond muscle twitch and 
eliek Reeord Data to display your results in the grid (and 
reeord your results in Chart 3). 


^\ PREDICT Question 1 

As the stimulus frequency inereases, what will 
happen to the muscle foree generated with 
eaeh successive stimulus? Will there be a lirmit to 
this response? 


8. Now stimulate the muscle at a higher frequency by eliek- 
ing Single Stimulus four times in rapid succession. 

9. Note the aetive foree display and then eliek Reeord Data 
to display your results in the grid (and reeord your results in 
Chart 3). 

10. Click Clear Traeings to elear the traeings on the 
oseilloseope. 


^\ PREDICT Question 2 

In order to produce sustained muscle eontrae- 
tions with an aetive foree value of 5.2 grams, do 
you think you need to inerease the stimulus voltage? 


11. inerease the voltage to 10.0 volts by elieking the + but- 
ton beside the voltage display. After setting the voltage, eliek 
Single Stimulus four times in rapid succession. 

12. Note the aetive foree display and then eliek Reeord Data 
to display your results in the grid (and reeord your results in 
Chart 3). 

13. Click Clear Traeings to elear the traeings on the 
oseilloseope. 

14. Return the voltage to 8.5 volts by elieking the - button 
beside the voltage display. After setting the voltage, eliek 
Single Stimulus as many times as you ean in rapid succes- 
sion. Note the aetive foree display. If you did not aehieve 
an aetive foree of 5.2 grams, eliek Clear Traeings and then 
eliek Single Stimulus even more rapidly. Repeat this step 
until you aehieve an aetive foree of 5.2 grams. 

When you aehieve an aetive foree of 5.2 grams, eliek 
Reeord Data to display your results in the grid (and reeord 
your results in Chart 3). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 3. 

Aetivity Questions 

1. Why is treppe also known as the stairease effeet? 


2. What ehanges are thought to occur in the skeletal muscle 
to allow treppe to be observed? 


3. How does the frequency of stimulation affeet the amount 
of foree generated by a skeletal muscle? 


4. Explain how wave summation is aehieved in vivo. 
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Exercise 2 


AGTIVITY 4 


Tetaniis in Isolated Skeletal Muscle 

OBJECTIVES 

1. To understand the terms stimulus frequency, unfused 
tetanus, fused tetanus, and maximal tetanie tension. 

2. To observe the effeet of an inereasing stimulus 
frequency on an isolated skeletal muscle. 

3. To understand how inereasing the stimulus frequency 
to an isolated skeletal muscle leads to unfused or fused 
tetanus. 


lntroduction 

As demonstrated in Aetivity 3, inereasing the stimulus 
frequency to an isolated skeletal muscle results in an inerease 
in foree produced by the whole muscle. Speeifieally, you 
observed that, if eleetrieal stimuli are applied to a skeletal 
muscle in quick succession, the overlapping twitches gener- 
ated more foree with eaeh successive stimulus. However, if 
stimuli continue to be applied frequently to a muscle over 
a prolonged period of time, the maximum possible muscle 
foree from eaeh stimulus will eventually reaeh a plateau—a 
state known as unfused tetanus. If stimuli are then applied 
with even greater frequency, the twitches will begin to fuse 
so that the peaks and valleys of eaeh twitch beeome indistin- 
guishable from one another—this state is known as eomplete 
(fused) tetanus. When the stimulus frequency reaehes a 
value beyond which no further inereases in foree are gen- 
erated by the muscle, the muscle has reaehed its maximal 
tetanie tension. 


r \ 

EQUIPMENT USED The following equipment will be 

depieted on-sereen: intaet, viable skeletal muscle dis- 
seeted off the leg of a frog; eleetrieal stimulator—delivers 
the desired amount and duration of stimulating voltage to 
the muscle via eleetrodes resting on the muscle; mount- 
ing stand—includes a foree transducer to measure the 
amount of foree, or tension, developed by the muscle; 
oseilloseope—displays the stimulated muscle twitch and 
the amount of aetive, passive, and total foree developed by 
the muscle. 

v_ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 2: Skeletal Muscle Physiology. Click Aetivity 4: 
Tetanus in Isolated Skeletal Muscle and take the online 
Pre-lab Quiz for Aetivity 4. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown above. 
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1. Note that the voltage is set to 8.5 volts and the number 
of stimuli per seeond is set to 50. To observe unfused tetanus, 
eliek Multiple Stinmli and watch the traee as it moves aeross 
the sereen. The Multiple Stimuli button ehanges to a Stop 
Stimuli button after it is elieked. After the traee has moved 
aeross the full sereen and begins moving aeross the sereen a 
seeond time, eliek Stop Stinmli to stop the stimulator. 

2. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). 


CHART 4 

Tetanus in Isolated 

Skeletal Muscle 

Stirrmli/seeond 

Aetive foree (g) 


















9 PREDICT Question 1 

As the stimulus frequency inereases further, 
what will happen to the muscle tension and 
twitch appearanee with eaeh successive stimulus? 
Will there be a limit to this response? 
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3. In order to observe fused tetanus, inerease the stimuli/sec 
setting to 130 by elieking the + button beside the stimuli/sec 
display. Click Multiple Stimuli and observe the resulting traee. 
After the traee has moved aeross the full sereen and begins 
moving aeross the sereen a seeond time, eliek Stop Stimuli. 

4. Note the fused tetanus and eliek Reeord Data to display 
your results in the grid (and reeord your results in Chart 4). 

5. Click Clear Traeings to elear the oseilloseope sereen. 

6. inerease the stimuli/sec setting to 140 by elieking the + 
button beside the stimuli/sec display. Click Multiple Stiimili 
and observe the resulting traee. After the traee has moved 
aeross the full sereen and begins moving aeross the sereen a 
seeond time, eliek Stop Stiimili. 

7. Note the fused tetanus and eliek Reeord Data to display 
your results in the grid (and reeord your results in Chart 4). 

8. Click Clear Traeings to elear the oseilloseope sereen. 

9. You will now observe the effeet of ineremental inereases 
in the number of stimuli per seeond above 140 stimuli per 
seeond. 

• inerease the stimuli/sec setting by 2. 

• Click Multiple Stimuli and observe the resulting traee. 
After the traee has moved aeross the full sereen and be- 
gins moving aeross the sereen a seeond time, eliek Stop 
Stimuli. 

• Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). 

• Click Clear Traeings to elear the oseilloseope sereen. 
Repeat this step until you reaeh 150 stimuli per seeond. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 4. 

Aetivity Questions 

1. Explain what you think is being summated in the skel- 
etal muscle to allow a high stimulus frequency to induce a 
smooth, continuous skeletal muscle eontraetion. 


2. Why do many toddlers reeeive a tetanus shot (and then 
subsequent booster shots, as needed, later in life)? How does 
the eondition known as “lockjaw” relate to tetanus shots? 


A C T I V I T Y 5 


Fatigue in Isolated Skeletal Muscle 

OBJECTIVES 

1. To understand the terms stimulus frequency, eomplete 
(fused) tetanus, fatigue, and rest period. 


2. To observe the development of skeletal muscle fatigue. 

3. To understand how the length of intervening rest periods 
determines the onset of fatigue. 


lntroduction 

As demonstrated in Aetivities 3 and 4, inereasing the stimulus 
frequency to an isolated skeletal muscle induces an inerease 
of foree produced by the whole muscle. Speeifieally, if volt- 
age stimuli are applied to a muscle frequently in quick suc- 
eession, the skeletal muscle generates more foree with eaeh 
successive stimulus. 

However, if stimuli continue to be applied frequently to 
a muscle over a prolonged period of time, the maximum foree 
of eaeh twitch eventually reaehes a plateau—a state known as 
iinfmed tetanm. If stimuli are then applied with even greater 
frequency, the twitches begin to fuse so that the peaks and 
valleys of eaeh twitch beeome indistinguishable from one 
another—this state is known as eomplete (fused) tetanus. 
When the stimulus frequency reaehes a value beyond which 
no further inerease in foree is generated by the muscle, the 
muscle has reaehed its maximal tetanie tension. 

In this aetivity you will observe the phenomena of skel- 
etal muscle fatigue. Fatigue refers to a deeline in a skeletal 
muscle’s ability to maintain a eonstant level of foree, or ten- 
sion, after prolonged, repetitive stimulation. You will also 
demonstrate how intervening rest periods alter the onset 
of fatigue in skeletal muscle. The causes of fatigue are still 
being investigated and multiple molecular events are thought 
to be involved, though the accumulations of laetie aeid, ADP, 
and Pi in muscles are thought to be the major faetors causing 
fatigue in the ease of high-intensity exercise. 

Common definitions for fatigue are: 

• The failure of a muscle fiber to produce tension because 
of previous eontraetile aetivity. 

• A deeline in the muscle’s ability to maintain a eon- 
stant foree of eontraetion after prolonged, repetitive 
stimulation. 

r v 

EQUIPMENT USED The following equipment will 

be depieted on-sereen: intaet, viable skeletal muscle dis- 
seeted off the leg of a frog; eleetrieal stimulator—delivers 
the desired amount and duration of stimulating voltage to 
the muscle via eleetrodes resting on the muscle; mount- 
ing stand—includes a foree transducer to measure the 
amount of foree, or tension, developed by the muscle; 
oseilloseope—displays the stimulated muscle twitch and 
the amount of aetive, passive, and total foree developed 
by the muscle. 

v_ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 

Exercise 2: Skeletal Muscle Physiology. Click Aetivity 5: 
Fatigue in Isolated Skeletal Muscle, and take the online 
Pre-lab Quiz for Aetivity 5. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown on the following page. 
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1. Note that the voltage is set to 8.5 volts and the number of 
stimuli per seeond is set to 120. Click Multiple Stimuli and 
elosely watch the muscle foree traeing on the oseilloseope. 
Click Stop Stimuli after the muscle foree falls to 0. 

2. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 5). 


Fatigue Results 

Rest period 
(see) 

Aetive foree (g) 

Sustained 
maximal foree 
(see) 














3. Click Clear Traeings to elear the oseilloseope sereen. 



PREDICT Question 1 

If the stimulator is briefly turned off for defined 
periods of time, what will happen to the length 
of time that the muscle is able to sustain maximal 
developed tension when the stimulator is turned on 
again? 


4. To demonstrate the onset of fatigue after a variable rest 
period, you will be elieking the Multiple Stimuli button on 
and off three times. Read through the steps below before pro- 
eeeding. Watch the timer elosely to help you determine when 
to turn the stimulator baek on. 

• Click Multiple Stiimili. 

• After the muscle foree falls to 0, eliek Stop Stiimili to 
turn off the stiimilator. 

• Wait 10 seeonds, then eliek Multiple Stimuli to turn 
the stimulator baek on. 

• Click Stop Stimuli after the muscle foree falls to 0. 


• Wait 20 seeonds, then eliek Multiple Stimuli to turn 
the stimulator baek on. 

• Click Stop Stimuli after the muscle foree falls to 0. 

5. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 5). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 5. 

Aetivity Questions 

1. What proposed meehanisms most likely explain why fa- 
tigue develops? 


2. What would you reeommend to an interested friend as 
the best ways to delay the onset of fatigue? 



A C T I V I T Y 6 


The Skeletal Muscle 
Length-Tension Relationship 

OBJECTIVES 

1. To understand the terms isometrie eontraetion, aetive 
foree, passive foree, total foree, and length-tension 
relationship. 

2. To understand the effeet that resting muscle length has 
on tension development when the muscle is maximally 
stimulated in an isometrie experiment. 

3. To explain the molecular basis of the skeletal muscle 
length-tension relationship. 


lntroduction 

Skeletal muscle eontraetions are either isometrie or isotonie. 
When a muscle attempts to move a load that is equal to the 
foree generated by the muscle, the muscle eontraets isometri- 
eally. During an isometrie eontraetion, the muscle stays at a 
fixed length (isometrie means “same length”). An example of 
isometrie muscle eontraetion is when you stand in a doorway 
and push on the doorframe. The load that you are attempting 
to move (the doorframe) ean easily equal the foree generated 
by your muscles, so your muscles do not shorten even though 
they are aetively eontraeting. 

isometrie eontraetions are aeeomplished experimentally 
by keeping both ends of the muscle in a fixed position while 
eleetrieally stimulating the muscle. Resting length (the length 
of the muscle before stimulation) is an important faetor in 
determining the amount of foree that a muscle ean develop 
when stimulated. Passive foree is generated by stretehing 
the muscle and results from the elastie reeoil of the tissue 
itself. This passive foree is largely caused by the protein titin, 
which aets as a molecular bungee eord. Aetive foree is gener- 
ated when myosin thiek filaments bind to aetin thin filaments, 
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thus engaging the eross bridge eyele and ATP hydrolysis. 
Think of the skeletal muscle as having two foree properties: 
it exerts passive foree when it is stretehed (like a rnbber band 
exerts passive foree) and aetive foree when it is stimulated. 
Total foree is the sum of passive and aetive forees. 

This aetivity allows y ou to set and hold eonstant the length 
of the isolated skeletal muscle and subsequently stimulate it 
with individual maximal voltage stimuli. A graph relating 
the three forees generated and the fixed length of the muscle 
will be automatically plotted after you stimulate the muscle. 
In muscle physiology this graph is known as the isometrie 
length-tension relationship. The results of this simulation 
ean be applied to human muscles to understand how optimum 
resting length will result in maximum foree production. 

To understand why muscle tissue behaves as it does, you 
must understand tension at the cellular level. If you have dif- 
ficulty understanding the results of this aetivity, review the 
sliding filament model of muscle eontraetion. Think of the 
length-tension relationship in terms of those sareomeres that 
are too short, those that are too long, and those that have the 
ideal amount of thiek and thin filament overlap. 


( 'N 

EQUIPMENT USED The following equipment will 
be depieted on-sereen: intaet, viable skeletal muscle dis- 
seeted off the leg of a frog; eleetrieal stimulator—delivers 
the desired amount and duration of stimulating voltage to 
the muscle via eleetrodes resting on the muscle; mount- 
ing stand—includes (1) a foree transducer to measure 
the amount of foree, or tension, developed by the muscle 
and (2) a gearing system that allows the hook through the 
muscle’s lower tendon to be moved up or down, thus alter- 
ing the fixed length of the muscle; oseilloseope—displays 
the stimulated muscle twitch and the amount of aetive, 
passive, and total foree developed by the muscle. 

v_;_ J 


Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 2, Skeletal Muscle Physiology. Click Aetivity 6, 
The Skeletal Muscle Length-Tension Relationship, and 

take the online Pre-lab Quiz for Aetivity 6. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 
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1. Note that the voltage is set to 8.5 volts and the resting 
muscle length is set to 75 mm. Click Stimulate to deliver an 
eleetrieal stimulus to the muscle and observe the traeing that 
results. 

2. You should see a single muscle twitch traeing on the 
left oseilloseope display and three data points (representing 
aetive, passive, and total foree generated during this twitch) 
plotted on the right display. The yellow box represents the 
total foree, the red dot eontained within the yellow box rep- 
resents the aetive foree, and the green square represents the 
passive foree. Click Reeord Data to display your results in 
the grid (and reeord your results in Chart 6). 


OHART6 

Skeletal Muscle Length-Tension 
Relationship 

Length 

(mm) 

Aetive 

foree (g) 

Passive 
foree (g) 

Total 
foree (g) 






































9 PREDICT Question 1 

As the resting length of the muscle is ehanged, 
what will happen to the amount of total foree 
the muscle generates during the stimulated twitch? 


3. You will now gradually shorten the muscle to determine 
the effeet of muscle length on aetive, passive, and total foree. 

• Shorten the muscle by 5 mm by elieking the - button 
beside the muscle length display. 

• Oiek Stimulate to deliver an eleetrieal stimulus to the 
muscle and note the values of the total, aetive, and pas- 
sive forees relative to those observed at the original 

75 mm. 

• Oiek Reeord Data to display your results in the grid 
(and reeord your results in Chart 6). 

Repeat these steps until you reaeh a muscle length of 

50 mm. 
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Exercise 2 


4. Click Clear Traeings to elear the left oseilloseope display. 

5. Lengthen the muscle to 80 mm by elieking the + button 
beside the muscle length display. Click Stimulate to deliver 
an eleetrieal stimulus to the muscle and note the values of the 
total, aetive, and passive forees relative to those observed at 
the original 75 mm. 

6. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 6). 

7. You will now gradually lengthen the muscle to deter- 
mine the effeet of muscle length on aetive, passive, and total 
foree. 

• Lengthen the muscle by 10 mm by elieking the + but- 
ton beside the muscle length display. 

• Click Stimulate to deliver an eleetrieal stimulus to the 
muscle and note the values of the total, aetive, and passive 
forees relative to those observed at the original 75 mm. 

• Click Reeord Data to display your results in the 
grid(and reeord your results in Chart 6). 

Repeat these steps until you reaeh a muscle length of 
100 mm. 

8. Click Plot Data to view a summary of your data on a 
plotted grid. Click Submit to reeord your plot in the lab re- 
port. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 6. 

Aetivity Questions 

1. Explain what happens in the skeletal muscle sareomere 
to result in the ehanges in aetive, passive, and total foree 
when the resting muscle length is ehanged. 


2. Explain the dip in the total foree curve as the muscle was 
stretehed to longer lengths. (Hint: Keep in mind that you are 
measuring the sum of aetive and passive forees.) 


A C T I V I T Y 7 


isotonie Contractions and the 
Load-Veloeity Relationship 

OBJECTIVES 

1. To understand the terms isotonie eoneentrie eontraetion, 
load, latent period, shortening veloeity, and load-veloeity 
relationship. 

2. To understand the effeet that inereasing load (that is, 
vveight) has on an isolated skeletal muscle when the 
muscle is stimulated in an isotonie eontraetion experiment. 

3. To understand the load-veloeity relationship in isolated 
skeletal muscle. 


lntroduction 

Skeletal muscle eontraetions ean be deseribed as either 
isometrie or isotonie. When a muscle attempts to move an 
objeet (the load) that is equal in weight to the foree generated 
by the muscle, the muscle is observed to eontraet isometri- 
eally. In an isometrie eontraetion, the muscle stays at a fixed 
length ( isometrie means “same length”). 

During an isotonie eontraetion, the skeletal muscle 
length ehanges and, thus, the load moves a measurable dis- 
tanee. If the muscle length shortens as the load moves, the 
eontraetion is ealled an isotonie eoneentrie eontraetion. An 
isotonie eoneentrie eontraetion occurs when a muscle gener- 
ates a foree greater than the load attaehed to the muscle’s 
end. In this type of eontraetion, there is a latent period dur- 
ing which there is a rise in muscle tension but no observable 
movement of the weight. After the muscle tension exceeds 
the weight of the load, an isotonie eoneentrie eontraetion ean 
begin. Thus, the latent period gets longer as the weight of 
the load gets larger. When the building muscle foree exceeds 
the load, the muscle shortens and the weight moves. Eventu- 
ally, the foree of the muscle eontraetion will deerease as the 
muscle twitch begins the relaxation phase, and the load will 
therefore start to return to its original position. 

An isotonie twitch is not an all-or-nothing event. If 
the load is inereased, the muscle must generate more foree 
to move it and the latent period will therefore get longer 
because it will take more time for the neeessary foree to 
be generated by the muscle. The speed of the eontraetion 
(muscle shortening veloeity) also depends on the load 
that the muscle is attempting to move. Maximal shortening 
veloeity is attained with minimal load attaehed to the mus- 
ele. Conversely, the heavier the load, the slower the muscle 
twitch. You ean think of lifting an objeet from the floor as an 
example. A light objeet ean be lifted quickly (high veloeity), 
whereas a heavier objeet will be lifted with a slower veloeity 
for a shorter duration. 

In an isotonie muscle eontraetion experiment, one end of 
the muscle remains free (unlike in an isometrie eontraetion 
experiment, where both ends of the muscle are held in a fixed 
position). Different weights (loads) ean then be attaehed to 
the free end of the isolated muscle, while the other end is 
held in a fixed position by the foree transducer. If the weight 
(the load) is less than the tension generated by the whole 
muscle, then the muscle will be able to lift it with a measur- 
able distanee, veloeity, and duration. In this aetivity, you will 
ehange the weight (load) that the muscle will try to move as 
it shortens. 

r v 

EQUIPMENT USED The following equipment will 

be depieted on-sereen: intaet, viable skeletal muscle dis- 
seeted off the leg of a frog; eleetrieal stimulator—delivers 
the desired amount and duration of stimulating voltage to 
the muscle via eleetrodes resting on the muscle; mounting 
stand—includes a rnler that allows a rapid measurement 
of the distanee (em) that the weight (load) is lifted by the 
isolated muscle; several weights (in grams)—ean be inter- 
ehangeably attaehed to the hook on the free lower tendon 
of the mounted skeletal muscle; oseilloseope—displays 
the stimulated isotonie eoneentrie eontraetion, the dura- 
tion of the eontraetion, and the distanee that muscle lifts 
the weight (load). 
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Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 2: Skeletal Muscle Physiology. Click Aetivity 7: 
isotonie Contractions and the Load-Veloeity Relation- 
ship, and take the online Pre-lab Quiz for Aetivity 7. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 
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1. Note that the stimulus voltage is set to 8.5 volts. Drag 
the 0.5-g weight in the weight eabinet to the free end of the 
muscle to attaeh it. Click Stimulate to deliver an eleetrieal 
stimulus to the muscle and watch the muscle aetion. 

2. Observe that, as the muscle shortens in length, it lifts 
the weight off the platform. The muscle then lengthens as 
it relaxes and lowers the weight baek down to the platform. 
Click Stimulate again and try to watch both the muscle and 
the oseilloseope sereen at the same time. 

3. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 7). 


CHART 7 


isotonie Contraction Results 


VVeight (g) 

Veloeity 

(em/see) 

Twitch 

duration 

(msee) 

Distanee 
lifted (em) 


















PREDICT Question 1 

As the load on the muscle inereases, what will 
happen to the latent period, the shortening 
veloeity, the distanee that the weight moved, and 
the eontraetion duration? 


4. Remove the 0.5-g weight by dragging it baek to the 
weight eabinet. Drag the 1.0-g weight to the free end of the 
muscle to attaeh it. Click Stimulate and observe the muscle 
and the oseilloseope sereen. 

5. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 7). 

6. Remove the 1.0-g weight by dragging it baek to the 
weight eabinet. Drag the 1.5-g weight to the free end of the 
muscle to attaeh it. Click Stimulate and observe the muscle 
and the oseilloseope sereen. 

7. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 7). 

8. Remove the 1.5-g weight by dragging it baek to the 
weight eabinet. Drag the 2.0-g weight to the free end of 
the muscle to attaeh it. Click Stimulate and observe the mus- 
ele and the oseilloseope sereen. 

9. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 7). 

10. Click Plot Data to generate a muscle load-veloeity re- 
lationship. Watch the display carefully as the program ani- 
mates the development of a load-veloeity relationship for the 
data you have eolleeted. Click Submit to reeord your plot in 
the lab report. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 7. 

Aetivity Questions 

1. Explain the relationship between the load attaehed to 
a skeletal muscle and the initial veloeity of skeletal muscle 
shortening. 


2. Explain why it will take you longer to perform ten repeti- 
tions lifting a 20-pound weight than it would to perform the 
same number of repetitions with a 5-pound weight. 
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V I E W S H 



NAME _ 

LAB TIME/DATE 








AOTIVITY 1 


The Muscle Twitch and the Latent Period 


1. Define the terms skeletal muscle fiber, motor unit, skeletal muscle twitch, eleetrieal stimulus, and latent period. 


2. What is the role of aeetyleholine in a skeletal muscle eontraetion? 



Deseribe the proeess of excitation-contraction coupling in skeletal muscle fibers. 


4. Deseribe the three phases of a skeletal muscle twitch. 



Does the duration of the latent period ehange with different stimulus voltages? How well did the results eompare with your 


predietion? 



At the threshold stimulus, do sodium ions start to move into or out of the eell to bring about the membrane depolarization? 
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Review Sheet 2 



The Effeet of Stimulus Voltage on Skeletal Muscle Gontraetìon 


1. Deseribe the effeet of inereasing stimulus voltage on isolated skeletal muscle. Speeifieally, what happened to the muscle 


foree generated with stronger eleetrieal stimulations and why did this ehange occur? How well did the results eompare with 


your predietion? 


2. How is this ehange in whole-muscle foree aehieved in vivo? 


3. What happened in the isolated skeletal muscle when the maximal voltage was applied? 


AOTIVITY 3 


The Effeet of Stìmulus Frequency on Skeletal Muscle Gontraetion 


1. What is the differenee between stimulus intensity and stimiihis frequency?_ 

2. In this experiment you observed the effeet of stimulating the isolated skeletal muscle multiple times in a short period with 

eomplete relaxation between the stimuli. Deseribe the foree of eontraetion with eaeh subsequent stimulus. Are these results 
ealled treppe or wave siimmation?_ 


3. How did the frequency of stimulation affeet the amount of foree generated by the isolated skeletal muscle when the fre- 
quency of stimulation was inereased such that the muscle twitches did not fully relax between subsequent stimuli? Are these 
results ealled treppe or wave summation? How well did the results eompare with your predietion?_ 


4. To aehieve an aetive foree of 5.2 g, did you have to inerease the stimulus voltage above 8.5 volts? If not, how did you 
aehieve an aetive foree of 5.2 g? How well did the results eompare with your predietion?_ 


5. Compare and eontrast frequency-dependent wave summation with motor unit reemitment (previously observed by inereas- 
ing the stimulus voltage). How are they similar? How was eaeh aehieved in the experiment? Explain how eaeh is aehieved 
in vivo. 
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Tetanus in Isolated Skeletal Muscle 


1. Deseribe how inereasing the stimulus frequency affeeted the foree developed by the isolated whole skeletal muscle in this 


aetivity. How well did the results eompare with your predietion? 


2. indieate what type of foree was developed by the isolated skeletal muscle in this aetivity at the following stimulus frequen- 


eies: at 50 stimuli/sec, at 140 stimuli/sec, and above 146 stimuli/sec. 


3. Beyond what stimulus frequency is there no further inerease in the peak foree? What is the muscle tension ealled at this 


frequency? 



Fatigue in Isolated Skeletal Muscle 


1. When a skeletal muscle fatigues, what happens to the eontraetile foree over time? 


2. What are some proposed causes of skeletal muscle fatigue? 


3. Turning the stimulator off allows a small measure of muscle reeovery. Thus, the muscle will produce more foree for a longer 


time period if the stimulator is briefly turned off than if the stimuli were allowed to continue without interruption. Explain 


why this might occur. How well did the results eompare with your predietion? 


4. List a few ways that humans could delay the onset of fatigue when they are vigorously using their skeletal muscles. 


AOTIVITY 6 


The Skeletal Muscle Length-Tension Relationship 



What happens to the amount of total foree the muscle generates during the stimulated twitch? How well did the results 
eompare with your predietion?_ 


2. What is the key variable in an isometrie eontraetion of a skeletal muscle? 
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Review Sheet 2 



Based on the unique arrangement of myosin and aetin in skeletal muscle sareomeres, explain why aetive foree varies with 
ehanges in the ìmisele's resting length._ 


4. What skeletal muscle lengths generated passive foree? (Provide a range.)_ 

5. If you were curling a 7-kg dumbbell, when would your bieep muscles be eontraeting isometrieally? 


ACTIVITY 7 


isotonie Gontraetions and the Load-Veloeity Relationship 



If you were using your bieep muscles to curl a 7-kg dumbbell, when would your muscles be eontraeting isotonieally? 



Explain why the latent period beeame longer as the load beeame heavier in the experiment. How well did the results eompare 
with your predietion?_ 



Explain why the shortening veloeity beeame slower as the load beeame heavier in this experiment. How well did the results 
eompare with your predietion?_ 



Deseribe how the shortening distanee ehanged as the load beeame heavier in this experiment. How well did the results eom- 
pare with your predietion?_ 


5. Explain why it would take you longer to perform 10 repetitions lifting a 10-kg weight than it would to perform the same 
niimber of repetitions with a 5-kg weight._ 


6. Deseribe what would happen in the following experiment: A 2.5-g weight is attaehed to the end of the isolated whole skeletal 
muscle used in these experiments. Simultaneously, the muscle is maximally stimulated by 8.5 volts and the platform sup- 
porting the weight is removed. Will the muscle generate foree? Will the muscle ehange length? What is the name for this 
type of eontraetion?_ 
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Neurophysiology of Nerve lmpulses 


PRE-LAB Q U I Z 

1. Circle the eorreet underlined term: Neurons / Neuroalial eells are 
eapable of generating an eleetrieal signal. 

2. The_is the potential differenee between the inside of a eell 

and the outside of a eell aeross the membrane. 

a. conductance e. permeable potential 

b. resting membrane potential d. aetive membrane potential 

3. If the response to a stimulus is a ehange from a negative potential to a 
less negative potential, the ehange is ealled: 

a. repolarization e. depolarization 

b. stimulus reeovery d. stimulus response 

4. What type of ehannels open when the membrane depolarizes? 

a. voltage-gated potassium ehannels 

b. ligand-gated sodium ehannels 
e. voltage-gated sodium ehannels 

d. ligand-gated potassium ehannels 

5. The region where the neurotransmitter is released from one neuron and 
binds to a reeeptor on a target eell is the: 

a. ehemieal synapse 

b. reeeptor potential 

e. postsynaptie synapse 
d. postsynaptie potential 


Exercise Overview 

The nervous system eontains two general types of eells: neurons and neuroglia 
(or glial eells). This exercise focuses on neurons. Neurons respond to their loeal 
environment by generating an eleetrieal signal. For example, sensory neurons in 
the nose generate a signal (ealled a reeeptor potential) when odor molecules 
interaet with reeeptor proteins on the membrane of these olfaetory sensory neu- 
rons. Thus, sensory neurons ean respond direetly to sensory stimuli. The reeeptor 
potential ean trigger another eleetrieal signal (ealled an aetion potential), which 
travels along the membrane of the sensory neuron’s axon to the brain—you could 
say that the aetion potential is conducted to the brain. 

The aetion potential causes the release of ehemieal neurotransmitters onto 
neurons in olfaetory regions of the brain. These ehemieal neurotransmitters bind 
to reeeptor proteins on the membrane of these brain interneurons. In general, 
interneurons respond to ehemieal neurotransmitters released by other neurons. 
In the nose the odor molecules are sensed by sensory neurons. In the brain the 
odor is pereeived by the aetivity of interneurons responding to neurotransmitters. 
Any resulting aetion or behavior is caused by the subsequent aetivity of motor 
neurons, which ean stimulate muscles to eontraet (see Exercise 2). 

In general eaeh neuron has three functional regions for signal transmis- 
sion: a reeeiving region, a conducting region, and an output region, or seeretory 
region. Sensory neurons often have a reeeptive ending speeialized to deteet a 
speeifie sensory stimulus, such as odor, light, sound, or touch. The eell body and 
dendrites of interneurons reeeive stimulation by neurotransmitters at structures 
ealled ehemieal synapses and produce synaptie potentials. The conducting 
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FIGLIRE3.1 A neuron with functional areas 
identified. 


region is usually an axon, which ends in an output region 
(the axon terminal) where neurotransmitter is released (view 
Figure 3.1). 

Although the neuron is a single eell surrounded by a 
continuous plasma membrane, eaeh region eontains distinet 
membrane proteins that provide the basis for the functional 
differenees. Thus, the reeeiving end has reeeptor proteins 
and proteins that generate the reeeptor potential, the eon- 
ducting region has proteins that generate and conduct aetion 
potentials, and the output region has proteins to paekage 
and release neurotransmitters. Membrane proteins are found 
throughout the neuronal membrane—many of these proteins 
transport ions (see Exercise 1). 

The signals generated and conducted by neurons are 
eleetrieal. In ordinary household deviees, eleetrie current is 
earried by eleetrons. In biologieal systems, currents are ear- 
ried by positively or negatively eharged ions. Like eharges 
repel eaeh other and opposite eharges attraet. In general, ions 
eannot easily pass through the lipid bilayer of the plasma 
membrane and must pass through ion ehannels formed by 
integral membrane proteins. Some ehannels are usually open 
(leak ehannels) and others are gated, meaning that the ehan- 
nel ean be in an open or elosed configuration. Channels ean 
also be seleetive for which ions are allowed to pass. For 
example, sodium ehannels are mostly permeable to sodium 
ions when open, and potassium ehannels are mostly perme- 
able to potassium ions when open. The term conductance 
is often used to deseribe permeability. In general, ions will 
flow through an open ehannel from a region of higher eon- 
eentration to a region of lower eoneentration (see Exercise 1). 
In this exercise you will explore some of these eharaeteristies 
applied to neurons. 

Although it is possible to measure the ionie currents 
through the membrane (even the currents passing through sin- 
gle ion ehannels), it is more eommon to measure the potential 
differenee, or voltage, aeross the membrane. This membrane 
voltage is usually ealled the membrane potential, and the 
units are millivolts (mV). One ean think of the membrane as 
a battery, a deviee that separates and stores eharge. A typi- 
eal household battery has a positive and a negative pole so 
that when it is eonneeted, for example through a lightbulb 
in a flashlight, current flows through the bulb. Similarly, the 
plasma membrane ean store eharge and has a relatively posi- 
tive side and a relatively negative side. Thus, the membrane 
is said to be polarized. When these two sides (intracellular 
and extracellular) are eonneeted through open ion ehannels, 
current in the form of ions ean flow in or out aeross the mem- 
brane and thus ehange the membrane voltage. 


A C T I V I T Y 1 


The Resting Membrane Potential 

OBJECTIVES 

1. To define the term resting membrane potential. 

2. To measure the resting membrane potential in different 
parts of a neuron. 

3. To determine how the resting membrane potential 
depends on the eoneentrations of potassium and sodium. 

4. To understand the ion conductances/ion ehannels 
involved in the resting membrane potential. 


lntroduction 

The reeeptor potential, synaptie potentials, and aetion poten- 
tials are important signals in the nervous system. These 
potentials refer to ehanges in the membrane potential from its 
resting level. In this aetivity you will explore the nature of the 
resting potential. The resting membrane potential is really 
a potential differenee between the inside of the eell (intra- 
cellular) and the outside of the eell (extracellular) aeross 
the membrane. It is a steady-state eondition that depends on 
the resting permeability of the membrane to ions and on the 
intracellular and extracellular eoneentrations of those ions to 
which the membrane is permeable. 

For many neurons, Na + and K + are the most important 
ions, and the eoneentrations of these ions are established by 
transport proteins, such as the Na + -K + pump, so that the 
intracellular Na + eoneentration is low and the intracellular 
K + eoneentration is high. Inside a typieal eell, the eoneentra- 
tion of K + is -150 m M and the eoneentration of Na + is -5 
m M. Outside a typieal eell, the eoneentration of K + is ~5 m M 
and the eoneentration of Na + is -150 m M. If the membrane 
is permeable to a particular ion, that ion will diffuse down 
its eoneentration gradient from a region of higher eoneentra- 
tion to a region of lower eoneentration. In the generation of 
the resting membrane potential, K + ions diffuse out aeross 
the membrane, leaving behind a net negative eharge—large 
anions that eannot eross the membrane. 

The membrane potential ean be measured with an ampli- 
fier. In the experiment the extracellular solution is eonneeted 
to a ground (literally, the earth) which is defined as 0 mV. To 
reeord the voltage aeross the membrane, a mieroeleetrode is 
inserted through the membrane without signifieantly damag- 
ing it. Typieally, the mieroeleetrode is made by pulling a thin 
glass pipette to a fine hollow point and filling the pulled pipette 
with a salt solution. The salt solution conducts eleetrieity like 
a wire, and the glass insulates it. Only the tip of the mieroelee- 
trode is inserted through the membrane, and the filled tip of 
the mieroeleetrode makes eleetrieal eontaet with the intraeel- 
lular solution. A wire eonneets the mieroeleetrode to the input 
of the amplifier so that the amplifier reeords the membrane 
potential, the voltage aeross the membrane between the intra- 
cellular and grounded extracellular solutions. 

The membrane potential and the various signals ean be 
observed on an oseilloseope. An eleetron beam is pulled up 
or down aeeording to the voltage as it sweeps aeross a phos- 
phoreseent sereen. Voltages below 0 mV are negative and 
voltages above 0 mV are positive. For this first aetivity, the 
time of the sweep is set for 1 seeond per division, and the sen- 
sitivity is set to 10 mV per division; a division is the distanee 
between gridlines on the oseilloseope. 
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EQUIPMENT USED Thefollowingequipmentwill 

be depieted on-sereen: neuron (in vitro)—a large, dissoeiated 
(or cultured) neuron; three extracellular solutions—eontrol, 
high potassium, and low sodium; mieroeleetrode—a probe 
with a very small tip that ean impale a single neuron (In an 
actual wet lab, a mieroeleetrode manipulator is used to posi- 
tion the mieroeleetrode. For simplieity, the mieroeleetrode 
manipulator will not be depieted in this aetivity.); miero- 
eleetrode manipulator eontroller—eontrols movement of 
the manipulator; mieroeleetrode amplifier—used to meas- 
ure the voltage between the mieroeleetrode and a referenee; 
oseilloseope—used to observe voltage ehanges. 


Experiment instmetions 

Go to the home page in the PhysioEx software, and eliek 

Exercise 3: Neurophysiology of Nerve Impulses. Click 
Aetivity 1: The Resting Membrane Potential, and take the 

online Pre-lab Quiz for Aetivity 1. 

After you take the online Pre-lab Quiz, eliek the Experi- 
ment tab and begin the experiment. The experiment instme- 
tions are reprinted here for your referenee. The opening 
sereen for the experiment is shown below. 
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1. Note that the neuron in this experiment is magnified 
relative to the petri dish. In a typieal neuron, the eell body, 
which is the thiekest part, is 5-100 pm wide, and the axon 
might be only 0.5 pm wide. 

Click the eontrol extracellular fluid (ECF) eontainer 
to fill the petri dish with 5 m M K + and 150 m M Na + (this 
solution mimies the normal extracellular eoneentrations of 
potassium and sodium). 

2. Note that a referenee eleetrode is already positioned in 
the petri dish. This referenee eleetrode is eonneeted to ground 
through the amplifier. 

Click position 1 on the mieroeleetrode manipulator eon- 
troller to position the mieroeleetrode tip in the solution, just 
outside the eell body, and observe the traeing that results on 
the oseilloseope. 

3. Note the oseilloseope traeing of the voltage outside the 
eell body and eliek Reeord Data to display your results in 
the grid (and reeord your results in Chart 1). 

4. Click position 2 on the mieroeleetrode manipulator eon- 
troller to position the mieroeleetrode tip just inside the eell 
body and observe the traeing that results. 

5. Note the oseilloseope traeing of the voltage inside the 
eell body and eliek Reeord Data to display your results 
in the grid (and reeord your results in Chart 1). This is the 
resting membrane potential; that is, the potential differenee 
between intracellular and extracellular membrane voltages. 
By eonvention, the extracellular resting membrane voltage is 
taken to be 0 mV. 

6. Click position 3 on the mieroeleetrode manipulator eon- 
troller to position the mieroeleetrode tip in the solution, just 
outside the axon, and observe the traeing that results. 

7. Note the oseilloseope traeing of the voltage outside the 
axon and eliek Reeord Data to display your results in the 
grid (and reeord your results in Chart 1). 


C H ART 1 
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8. Click position 4 on the mieroeleetrode manipulator eon- 
troller to position the mieroeleetrode tip just inside the axon 
and observe the traeing that results. 

9. Note the oseilloseope traeing of the voltage inside the 
axon and eliek Reeord Data to display your results in the 
grid (and reeord your results in Chart 1). 

PREDICT Question 1 

Prediet what will happen to the resting mem- 
brane potential if the extracellular K + eoneen- 
tration is inereased. 


10. You will now ehange the eoneentrations of the ions in the 
extracellular fluid to determine which ions contribute most to 
the separation of eharge aeross the membrane. The extracel- 
lular potassium eoneentration is normally low, so you will 
first inerease the extracellular potassium eoneentration. 

In the high K + ECF solution the K + eoneentration has 
been inereased fivefold, from 5 to 25 mM. To keep the num- 
ber of positive eharges in the extracellular solution eonstant, 
the Na + eoneentration has been reduced by 20 mM, from 150 
to 130 m M. As you will see, this relatively small deerease in 
Na + will not by itself ehange the membrane potential. Note 
that in this aetivity, the generation of the aetion potential 
(which is eovered in Aetivities 3-9) is bloeked with a toxin. 
Click the high K + ECF eontainer to ehange the solution in 
the petri dish to 25 m M K + and 130 m M Na + . 

11. Note the voltage inside the axon and eliek Reeord Data 
to display your results in the grid (and reeord your results in 
Chart 1). 

12. Click position 3 on the mieroeleetrode manipulator eon- 
troller to position the mieroeleetrode tip in the solution, just 
outside the axon, and observe the traeing that results. 

13. Note the voltage outside the axon and eliek Reeord Data 
to display your results in the grid (and reeord your results in 
Chart 1). 

14. Click position 1 on the mieroeleetrode manipulator eon- 
troller to position the mieroeleetrode tip in the solution, just 
outside the eell body, and observe the traeing that results. 

15. Note the voltage outside the eell body and eliek Reeord 
Data to display your results in the grid (and reeord your 
results in Chart 1). 

16. Click position 2 on the mieroeleetrode manipulator eon- 
troller to position the mieroeleetrode tip just inside the eell 
body and observe the traeing that results on the oseilloseope. 

17. Note the voltage inside the eell body and eliek Reeord 
Data to display your results in the grid (and reeord your 
results in Chart 1). 


18. Click the eontrol ECF eontainer to ehange baek to the 
normal K + eoneentration and note the ehange in voltage 
inside the eell body. 

19. You will now deerease the extracellular Na + eoneentra- 
tion (the extracellular Na + eoneentration is normally high). 

The extracellular sodium eoneentration in the low 
Na + solution has been deereased fivefold, from 150 m M to 
30 m M. To keep the number of positive eharges eonstant 
in the extracellular solution, the Na + has been replaeed by 
the same amount of a large monovalent eation. Note that the 
extracellular Na + eoneentration, even in the low Na + ECF, is 
higher than the intracellular Na + eoneentration. Click the low 
Na + ECF eontainer to ehange the solution in the petri dish to 
5 mMK + and 30mMNa + . 

20. Note the voltage inside the eell body and eliek Reeord 
Data to display your results in the grid (and reeord your 
results in Chart 1). 

21. Click position 1 on the mieroeleetrode manipulator eon- 
troller to position the mieroeleetrode tip in the solution, just 
outside the eell body, and observe the traeing that results. 

22. Note the voltage outside the eell body and eliek Reeord 
Data to display your results in the grid (and reeord your 
results in Chart 1). 

23. Click position 3 on the mieroeleetrode manipulator eon- 
troller to position the mieroeleetrode tip in the solution, just 
outside the axon, and observe the traeing that results. 

24. Note the voltage outside the axon and eliek Reeord Data 
to display your results in the grid (and reeord your results in 
Chart 1). 

25. Click position 4 on the mieroeleetrode manipulator eon- 
troller to position the mieroeleetrode tip just inside the axon 
and observe the traeing that results on the oseilloseope. 

26. Note the voltage inside the axon and eliek Reeord Data 
to display your results in the grid (and reeord your results in 
Chart 1). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 1. 

Aetivity Questions 

L Explain why the resting membrane potential had the 
same value in the eell body and in the axon. 


2. Deseribe what would happen to a resting membrane 
potential if the sodium-potassium transport pump was 
bloeked. 
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3. Deseribe what would happen to a resting membrane 
potential if the eoneentration of large intracellular anions 
that are unable to eross the membrane is experimentally 
inereased. 


A C T I V I T Y 2 


Reeeptor Potential 

OBJECTIVES 

1. To define the terms sensory reeeptor, reeeptor 
potential, sensory transduction, stimulus modality, and 
depolarization. 

2. To determine the adequate stimulus for different sensory 
reeeptors. 

3. To demonstrate that the reeeptor potential amplitude 
inereases with stimulus intensity. 


lntroduction 


r \ 

EQUIPMENT USED The following equipment 
will be depieted on-sereen: three sensory reeeptors— 
Paeinian (lamellar) corpuscle, olfaetory reeeptor, and free 
nerve ending; mieroeleetrode—a probe with a very small 
tip that ean impale a single neuron (In an actual wet lab, a 
mieroeleetrode manipulator is used to position the miero- 
eleetrodes. For simplieity, the mieroeleetrode manipula- 
tor will not be depieted in this aetivity.); mieroeleetrode 
amplifier—used to measure the voltage between the 
mieroeleetrode and a referenee; stimulator—used to seleet 
the stimulus modality (pressure, ehemieal, heat, or light) 
and intensity (low, moderate, or high); oseilloseope— 
used to observe voltage ehanges. 


Experiment instmetions 

Go to the home page in the PhysioEx software, and eliek 

Exercise 3: Neurophysiology of Nerve Impulses. Click 

Aetivity 2: Reeeptor Potential, and take the online Pre-lab 
Quiz for Aetivity 2. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 


The reeeiving end of a sensory neuron, the sensory reeeptor, 
has reeeptor proteins (as well as other membrane proteins) 
that ean generate a signal ealled the reeeptor potential when 
the sensory neuron is stimulated by an appropriate, adequate 
stimulus. In this aetivity you will use the same reeording 
instmments and mieroeleetrode that you used in Aetivity 1. 
However, in this aetivity, you will reeord from the sensory 
reeeptor of three different sensory neurons and examine 
how these neurons respond to sensory stimuli of different 
modalities. 

The sensory region will be shown diseonneeted from the 
rest of the neuron so that you ean reeord the reeeptor poten- 
tial in isolation. Similar results ean sometimes be obtained 
by treating a whole neuron with ehemieals that bloek the 
responses generated by the axon. The molecules loealized to 
the sensory reeeptor ending are able to generate a reeeptor 
potential when an adequate stimulus is applied. The energy 
in the stimulus (for example, ehemieal, physieal, or heat) is 
ehanged into an eleetrieal response that involves the opening 
or elosing of membrane ion ehannels. The general proeess 
that produces this ehange is ealled sensory transduction, 
which occurs at the reeeptor ending of the sensory neuron. 
Sensory transduction ean be thought of as a type of signal 
transduction where the signal is the sensory stimulus. 

You will observe that, with an appropriate stimulus, the 
amplitude of the reeeptor potential inereases with stimulus 
intensity. Such a response is an example of a potential that 
is graded with stimulus intensity. These responses are some- 
times referred to as graded potentials, or loeal potentials. 
Thus, the reeeptor potential is a graded, or loeal, potential. 
If the response (reeeptor potential) is a ehange in membrane 
potential from the negative resting potential to a less negative 
level, the membrane beeomes less polarized and the ehange 
is ealled depolarization. 



1. Note that the timeseale on the oseilloseope has been 
ehanged from 1 seeond per division to 10 milliseeonds per 
division, so that you ean observe the responses reeorded in the 
sensory reeeptors more elearly. Click the first sensory reeep- 
tor (Paeinian corpuscle) to reeord its resting membrane poten- 
tial. The sensory reeeptor will be plaeed in the petri dish, and 
the mieroeleetrode tip will be plaeed just inside the sensory 
reeeptor. Observe the traeing that results on the oseilloseope. 

2. Note the voltage inside the sensory reeeptor and eliek 
Reeord Data to display your results in the grid (and reeord 
your results in Chart 2). 


PREDICT Question 1 

The adequate stimulus for a Paeinian corpuscle 
is pressure or vibration on the skin. For a Paein- 
ian corpuscle, which modality will induce a reeeptor 
potential of the largest amplitude? 
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CHART 2 


Reeeptor Potential 



Reeeptor potential (mV) 

Stimulus modality 

Paeinian (lamellar) 
corpuscle 

Olfaetory reeeptor 

Free nerve ending 

None 




Pressure 

Low 




Moderate 




High 




Chemical 

Low 




Moderate 




High 




Heat 

Low 




Moderate 




High 




Light 

Low 




Moderate 




High 





3. You will now observe how the sensory reeeptor responds 
to different sensory stimuli. On the stimulator, eliek the 
Pressure modality. Click Low intensity and then eliek 
Stimulate to stimulate the sensory reeeptor and observe the 
traeing that results. Click Moderate intensity and then eliek 
Stimulate and observe the traeing that results. Click High 
intensity and then eliek Stimulate and observe the traeing 
that results. Click Reeord Data to display your results in the 
grid (and reeord your results in Chart 2). 

4. On the stimulator, ehek the Chemical (odor) modal- 
ity. Chck Low intensity and then ehek Stimiilate to stimulate 
the sensory reeeptor and observe the traeing that results. Chck 
Moderate intensity and then eliek Stimulate and observe the 
traeing that results. Click High intensity and then eliek Stimulate 
and observe the traeing that results. Click Reeord Data to display 
y our results in the grid (and reeord y our results in Chart 2). 

5. On the stimulator, eliek the Heat modality. Click Low 
intensity and then eliek Stimulate to stimulate the sensory 
reeeptor and observe the traeing that results. Click Moderate 
intensity and then eliek Stimulate and observe the traeing that 
results. Giek High intensity and then eliek Stimulate and 
observe the traeing that results. Giek Reeord Data to display 
your results in the grid (and reeord your results in Chart 2). 

6. On the stimulator, eliek the Light modality. Giek Low 
intensity and then eliek Stimulate to stimulate the sensory 
reeeptor and observe the traeing that results. Giek Moder- 
ate intensity and then eliek Stimulate and observe the traeing 
that results. Giek High intensity and then eliek Stimulate and 


observe the traeing that results. Giek Reeord Data to display 
your results in the grid (and reeord your results in Chart 2). 

P R E DICT Questìon 2 

The adequate stimuli for olfaetory reeeptors 
are ehemieals, typieally odorant molecules. For 
an olfaetory reeeptor, vvhieh modality vvill induce a 
reeeptor potential of the largest amplitude? 


7-12. Repeat steps 1-6 with the next sensory reeeptor: olfae- 
tory reeeptor. 

13-18. Repeat steps 1-6 with the next sensory reeeptor: free 
nerve ending. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 2. 

Aetivity Questions 

1. Are graded reeeptor potentials always depolarizing? Do 
graded reeeptor potentials always make it easier to induce 
aetion potentials? 
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2. Based on the definition of membrane depolarization in 
this aetivity, define membrane hyperpolarization. 


3. What do you think is the adequate stimulus for sensory 
reeeptors in the ear? Can you think of a stimulus that would 
inappropriately aetivate the sensory reeeptors in the ear if the 
stimulus had enough intensity? 



A C T I V I T Y 3 


The Aetion Potential: Threshold 

OBJECTIVES 

1. To define the terms aetion potential, nerve, axon hilloek, 
trigger zone, and threshold. 

2. To prediet how an inerease in extracellular K + could 
trigger an aetion potential. 


ntroduction 

In this aetivity you will explore ehanges in potential that occur 
in the axon. Axons are long, thin structures that conduct a sig- 
nal ealled the aetion potential. A nerve is a bundle of axons. 

Axons are typieally studied in a nerve ehamber. In this 
aetivity the axon will be draped over wires that make eleetri- 
eal eontaet with the axon and ean therefore reeord the eleetri- 
eal aetivity in the axon. Because the axon is so thin, it is very 
difficult to insert an eleetrode aeross the membrane into the 
axon. However, some of the eharge (ions) that erosses the 
membrane to generate the aetion potential ean be reeorded 
from outside the membrane (extracellular reeording), as you 
will do in this aetivity. The molecular meehanisms underly- 
ing the aetion potential were explored more than 50 years 
ago with intracellular reeording using the giant axons of the 
squid, which are about 1 millimeter in diameter. 

In this aetivity the axon will be artifieially diseonneeted 
from the eell body and dendrites. In a typieal multipolar neuron 
(view Figure 3.1 in the Exercise Overview), the axon extends 
from the eell body at a region ealled the axon hilloek. In a 
myelinated axon, this first region is ealled the initial segment. 
An aetion potential is usually initiated at the junction of the 
axon hilloek and the initial segment; therefore, this region is 
also referred to as the trigger zone. 

You will use an eleetrieal stimulator to explore the prop- 
erties of the aetion potential. Current passes from the stimula- 
tor to one of the stimulation wires, then aeross the axon, and 
then baek to the stimulator through a seeond wire. This cur- 
rent will depolarize the axon. Normally, in a sensory neuron, 
the depolarizing reeeptor potential spreads passively to the 
axon hilloek and produces the depolarization needed to evoke 
the aetion potential. Onee an aetion potential is generated, it is 
regenerated down the membrane of the axon. In other words, 
the aetion potential is propagated, or conducted, down the 
axon (see Aetivity 6). 


You will now generate an aetion potential at one end of 
the axon by stimulating it eleetrieally and reeord the aetion 
potential that is propagated down the axon. The extracellular 
aetion potential that you reeord is similar to one that would 
be reeorded aeross the membrane with an intracellular miero- 
eleetrode, but much smaller. For simplieity, only one axon is 
depieted in this aetivity. 

í 'N 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: nerve ehamber; axon; 

oseilloseope—used to observe timing of stimuli and 

voltage ehanges in the axon; stimulator—used to set the 

stimulus voltage and to deliver pulses that depolarize the 

axon; stimulation wires (S); reeording eleetrodes (wires 

R1 and R2)—used to reeord voltage ehanges in the axon. 

(The first set of reeording eleetrodes, Rl, is 2 eentimeters 

from the stinMation wires, and the seeond set of reeord- 

ing eleetrodes, R2, is 2 eentimeters from Rl.) 

V___ J 


Experiment instmetions 

Go to the home page in the PhysioEx software, and eliek 

Exercise 3: Neurophysiology of Nerve Impulses. Click 
Aetivity 3: The Aetion Potential: Threshold, and take the 

online Pre-lab Quiz for Aetivity 3. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 
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1. Note that the stimulus duration is set to 0.5 milliseeonds. 
Set the voltage on the stinMator to 10 mV by elieking the 
+ button beside the voltage display. Note that this voltage 
produces a current that ean stimulate the neuron, causing a 
depolarization of the neuron that is a ehange of a few mil- 
livolts in the membrane potential. 

Click Single Stimulus to deliver a brief pulse to the axon 
and observe the traeing that results. In order to display the 
response, the stimulator triggers the oseilloseope traees and 
delivers the stimulus 1 milliseeond later. 


2. Note that the reeording eleetrodes R1 and R2 reeord the 
extracellular voltage, rather than the actual membrane poten- 
tial. The 10 mV depolarization at the site of stinMation only 
occurs loeally at that site and is not reeorded farther down 
the axon. At this initial stimulus voltage, there was no aetion 
potential. Click Reeord Data to display your results in the 
grid (and reeord your results in Chart 3). 







































































PEx-42 
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CHART 3 

Threshold 

Stimulus 
voltage 
(m V) 

Peak value 
at R1 
(MV) 

Peak value 
at R2 
(MV) 

Aetion 

potential 






















3. You will inerease the stimulus voltage until you observe 
an aetion potential at reeording eleetrode 1 (Rl). inerease 
the voltage by 10 mV by elieking the + button beside the 
voltage display and then eliek Single Stimulus. The volt- 
age at which you first observe an aetion potential is the 
threshold voltage. Note that the aetion potential reeorded 
extracellularly is quite small. Intracellularly, the membrane 
potential would ehange from -70 mV to about +30 mV. 
Click Reeord Data to display your results in the grid (and 
reeord your results in Chart 3). 


PREDICT Question 1 

How will the aetion potential at R1 (or R2) 
ehange as you continue to inerease the stimu- 
lus voltage? 


4. You will now continue to observe the effeets of inere- 
mental inereases of the stimulus voltage. inerease the voltage 
by 10 mV by elieking the + button beside the voltage display 
and then eliek Single Stimulus. Repeat this step until you 
reaeh the maximum voltage the stimulator ean deliver. 

Repeat this step until you stimulate the axon at 50 mV 
and then eliek Reeord Data to display your results in the grid 
(and reeord your results in Chart 3). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 3. 

Aetivity Questions 

1. Explain why the threshold voltage is not always the 
same value (between axons and within an axon). 


2. Deseribe how the aetion potential is regenerated by loeal 
ion flux at eaeh loeation on the axon. 


3. Why doesn’t the peak value of the aetion potential 
inerease with stronger stimuli? 


A C T I V I T Y 4 


The Aetion Potential: importanee 
of Voltage-Gated Na + Ohannels 

OBJECTIVES 

1. To define the term voltage-gated ehannel. 

2. To deseribe the effeet of tetrodotoxin on the 
voltage-gated Na + ehannel. 

3. To deseribe the effeet of lidoeaine on the voltage-gated 
Na + ehannel. 

4. To examine the effeets of tetrodotoxin and lidoeaine on 
the aetion potential. 

5. To prediet the effeet of lidoeaine on pain pereeption 
and to prediet the site of aetion in the sensory neurons 
(noeieeptors) that sense pain. 


ntroduction 

The aetion potential (as seen in Aetivity 3) is generated when 
voltage-gated sodium ehannels open in sufficient numbers. 
Voltage-gated sodium ehannels open when the membrane 
depolarizes. Eaeh sodium ehannel that opens allows Na + ions 
to diffuse into the eell down their eleetroehemieal gradient. 
When enough sodium ehannels open so that the amount of 
sodium ions that enters via these voltage-gated ehannels 
overeomes the leak of potassium ions (reeall that the potas- 
sium leak via passive ehannels establishes and maintains the 
negative resting membrane potential), threshold for the aetion 
potential is reaehed, and an aetion potential is generated. 

In this aetivity you will observe what happens when 
these voltage-gated sodium ehannels are bloeked with ehemi- 
eals. One such ehemieal is tetrodotoxin (TTX), a toxin found 
in puffer fish, which is extremely poisonous. Another such 
ehemieal is lidoeaine, which is typieally used to bloek pain in 
dentistry and minor surgery. 

( x 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: nerve ehamber; axon; 

oseilloseope—used to observe timing of stimuli and volt- 

age ehanges in the axon; stimulator—used to set the stimu- 

lus voltage and the interval between stimuli and to deliver 

pulses that depolarize the axon; stimulation wires (S); 

reeording eleetrodes (wires R1 and R2)—used to reeord 

voltage ehanges in the axon (The first set of reeording elee- 

trodes, Rl, is 2 eentimeters from the stimulation wires, and 

the seeond set of reeording eleetrodes, R2, is 2 eentimeters 

from Rl.); tetrodotoxin (TTX); lidoeaine. 

\__ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 

Exercise 3: Neurophysiology of Nerve Impulses. 
Click Aetivity 4: The Aetion Potential: Importanee of 
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Voltage-Gated Na + Channels, and take the online 

Pre-lab Quiz for Aetivity 4. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



5. Note the peak values of the responses at R1 and R2 and 
eliek Reeord Data to display your results in the grid (and 
reeord your results in Chart 4). 


PREDICT Question 1 

If you apply TTX betvveen reeording eleetrodes 
R1 and R2, what effeet will the TTX have on the 
aetion potentials at R1 and R2? 


6. Drag the dropper eap of the TTX bottle to the axon 
between reeording eleetrodes R1 and R2 to apply a drop of 
TTX to the axon. 

7. Click Multiple Stimuli to deliver pulses to the axon 
every 2 seeonds. The stimuli will be stopped after 10 seeonds. 

8. Note the peak values of the responses at R1 and R2 and 
eliek Reeord Data to display your results in the grid (and 
reeord your results in Chart 4). 


1. Note that the stimulus duration is set to 0.5 milliseeonds. 
Set the voltage to 30 mV, a suprathreshold voltage, by eliek- 
ing the + button beside the voltage display. You will use a 
suprathreshold voltage in this experiment to make sure there 
is an aetion potential, as threshold ean vary between axons. 
Click Single Stimulus to deliver a pulse to the axon and 
observe the traeing that results. 

2. Enter the peak value of the response at R1 and R2 in the 

field below and then eliek Submit to reeord your answer in 
the lab report._pV 

3. Click Timeseale on the stimulator to ehange the time- 
seale on the oseilloseope from milliseeonds to seeonds. 

4. You will now deliver successive stimuli separated 
by 2.0-seeond intervals to observe what the eontrol aetion 
potentials look like at this timeseale. Set the interval between 
stimuli to 2.0 seeonds by elieking the + button beside the 
‘Tnterval between Stimuli” display. Click Multiple Stimuli 
to deliver pulses to the axon every 2 seeonds. The stimuli will 
be stopped after 10 seeonds. 


9. Click New Axon to seleet a new axon. TTX is irrevers- 
ible and there is no known antidote for TTX poisoning. 

PREDICT Question 2 

If you apply lidoeaine between reeording elee- 
trodes R1 and R2, what effeet will the lidoeaine 
have on the aetion potentials at R1 and R2? 


10. Drag the dropper eap of the lidoeaine bottle to the axon 
between reeording eleetrodes R1 and R2 to apply a drop of 
lidoeaine to the axon. 

11. Set the interval between stimuli to 2.0 seeonds by eliek- 
ing the + button beside the “Interval between Stimuli” dis- 
play. Click Multiple Stimuli to deliver pulses to the axon 
every 2 seeonds. The stimuli will be stopped after 10 seeonds. 


CHART 4 


Effeets of Tetrodotoxin and Lidoeaine 



Peak value of response (pV) 

Condition 

Stimulus 
voltage (mV) 

Eleetrodes 

2 see 

4 see 

6 see 

8 see 

10 see 
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12. Note the peak values of the responses at R1 and R2. For 
simplieity, this experiment was performed on a single axon, 
where the aetion potential is an “all-or-none” event. If you 
had treated a bundle of axons (a nerve), eaeh with a slightly 
different threshold and sensitivity to the drngs, you would 
likely see the peak values of the aetion potentials deerease 
more gradually as more and more axons were bloeked. Click 
Reeord Data to display your results in the grid (and reeord 
your results in Chart 4). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 4. 

Aetivity Questions 

1. If depolarizing membrane potentials open voltage-gated 
sodium ehannels, what eloses them? 


2. Why must a sushi ehef go through years of training to 
prepare puffer fish for human consumption? 


3. For aetion potential generation and propagation, are 
there any other eation ehannels that could substitute for the 
voltage-gated sodium ehannels if the sodium ehannels were 
bloeked? 


A C T I V I T Y 5 


The Aetion Potential: Measuring Its 
Absolute and Relative Refraetory Periods 

OBJECTIVES 

1. To define inaetivation as it applies to a voltage-gated 
sodium ehannel. 

2. To define the absolute refraetory period and relative 
refraetory period of an aetion potential. 

3. To define the relationship between stimulus frequency 
and the generation of aetion potentials. 


lntroduction 

Voltage-gated sodium ehannels in the plasma membrane of 
an excitable eell open when the membrane depolarizes. About 
1-2 milliseeonds later, these same ehannels inaetivate, mean- 
ing they no longer allow sodium to go through the ehannel. 
These inaetivated ehannels eannot be reopened by depolari- 
zation for an additional period of time (usually many milli- 
seeonds). Thus, during this time, fewer sodium ehannels ean 
be opened. There are also voltage-gated potassium ehannels 
that open during the aetion potential. These potassium ehan- 
nels open more slowly. They contribute to the repolarization 
of the aetion potential from its peak, as more potassium flows 
out through this seeond type of potassium ehannel (reeall 


there are also passive potassium ehannels that let potassium 
leak out, and these leak ehannels are always open). The flux 
through extra voltage-gated potassium ehannels opposes 
the depolarization of the membrane to threshold, and it also 
causes the membrane potential to beeome transiently more 
negative than the resting potential at the end of an aetion 
potential. This phase is ealled after-hyperpolarization, or the 
undershoot. 

In this aetivity you will explore what consequences the 
eonformation states of voltage-gated ehannels have for the 
generation of subsequent aetion potentials. 

( - \ 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: nerve ehamber; axon; oseil- 

loseope—used to observe timing of stimuli and voltage 

ehanges in the axon; stimulator—used to set the stimulus 

voltage and the interval between stimuli and to deliver 

pulses that depolarize the axon; stimulation wires (S); 

reeording eleetrode (wires Rl)—used to reeord voltage 

ehanges in the axon. (The reeording eleetrode is 2 eentim- 

eters from the stimulation wires.) 

V___ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 

Exercise 3: Neurophysiology of Nerve Impulses. Click 
Aetivity 5: The Aetion Potential: Measuring Its Abso- 
lute and Relative Refraetory Periods, and take the online 

Pre-lab Quiz for Aetivity 5. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



1. Note that the stimulus duration is set to 0.5 milliseeonds. 
Set the voltage to 20 mV, the threshold voltage, by eliek- 
ing the + button beside the voltage display. This voltage is 
the depolarization that will occur at the stimulation eleetrode. 
Click Single Stimulus to deliver a pulse to observe an aetion 
potential at this timeseale. 

2. You will now deliver two successive stimuli separated by 
250 milliseeonds. Set the interval between stimuli to 250 mil- 
liseeonds by seleeting 250 in the “Interval between Stimuli” 
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pull-down menu. Click Twin Pulses to deliver two pulses to 
the axon and observe the traeing that results. Click Reeord 
Data to display your results in the grid (and reeord your 
results in Chart 5). 


CHART 5 


Absolute and Relative 
Refraetory Periods 


Interval 
between 
stimuli (msee) 

Stimulus 
voltage (mV) 

Seeond aetion 
potential? 






































3. Deerease the interval between stimuli to 125 millisee- 
onds by seleeting 125 in the “Interval between Stimuli” 
pull-down menu. Click Twin Pulses to deliver two pulses to 
the axon and observe the traeing that results. Click Reeord 
Data to display your results in the grid (and reeord your 
results in Chart 5). 

4. Deerease the interval between stimuli to 60 milliseeonds 
by seleeting 60 in the “Interval between Stimuli” pull-down 
menu. Click Twin Pulses to deliver two pulses to the axon 
and observe the traeing that results. 

Note that, at this stimulus interval, the seeond stimulus 
did not generate an aetion potential. Click Reeord Data to 
display your results in the grid (and reeord your results in 
Chart 5). 


5. A seeond aetion potential ean be generated at this stim- 
ulus interval, but the stimulus intensity must be inereased. 
This interval is part of the relative refraetory period, the time 
after an aetion potential when a seeond aetion potential ean 
be generated if the stimulus intensity is inereased. 

inerease the stimulus intensity by 5 mV by elieking the 
+ button beside the voltage display and then eliek Twin 
Pulses to deliver two pulses to the axon. Repeat this step until 
you generate a seeond aetion potential. After you generate a 
seeond aetion potential, eliek Reeord Data to display your 
results in the grid (and reeord your results in Chart 5). 


^ PREDICT Question 1 

If you further deerease the interval betvveen the 
stimuli, will the threshold for the seeond aetion 
potential ehange? 


6. You will now deerease the interval until the seeond aetion 
potential fails again. (So that you ean elearly observe two 
aetion potentials at the shorter interval between stimuli, the 
timeseale on the oseilloseope has been set to 10 msee per divi- 
sion.) Deerease the interval between stimuli by 50% and then 
eliek Twin Pulses to deliver two pulses to the axon. When 
the seeond aetion potential fails, eliek Reeord Data to display 
your results in the grid (and reeord your results in Chart 5). 

7. You will now inerease the stimulus intensity until a seeond 
aetion potential is generated again. inerease the stimulus intensity 
by 5 mV by elieking the + button beside the voltage display and 
then eliek Twin Pulses to deliver two pulses to the axon. Repeat 
this step until you generate a seeond aetion potential. After you 
generate a seeond aetion potential, eliek Reeord Data to display 
your results in the grid (and reeord your results in Chart 5). 

8. You will now determine the interval between stimuli at 
which a seeond aetion potential eannot be generated, no mat- 
ter how intense the stimulus. inerease the stimulus intensity 
to 60 mV (the highest voltage on the stimulator). Deerease 
the interval between stimuli by 50% and then eliek Twin 
Pulses to deliver two pulses to the axon. Repeat this step until 
the seeond aetion potential fails. 

The interval at which the seeond aetion potential fails is 
the absolute refraetory period, the time after an aetion poten- 
tial when the neuron eannot fire a seeond aetion potential, no 
matter how intense the stimulus. Click Reeord Data to display 
your results in the grid (and reeord your results in Chart 5). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 5. 

Aetivity Questions 

1. Explain how the absolute refraetory period ensures 
direetionality of aetion potential propagation. 


2. Some tissues (for example, eardiae muscle) have long 
absolute refraetory periods. Why would this be benefieial? 


3. What do you think is the benefit of a relative refraetory 
period in an axon of a sensory neuron? 
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AGTIVITY 6 


The Aetion Potential: Coding 
for Stimulus Intensity 

OBJECTIVES 

1. To observe the response of axons to longer periods of 
stimulation. 

2. To examine the relationship between stimulus intensity 
and the frequency of aetion potentials. 


lntroduction 

As seen in Aetivity 3, the aetion potential has a eonstant 
amplitude, regardless of the stimulus intensity—it is an 
“all-or-none” event. As seen in Aetivity 5, the absohite 
refraetory period is the time after an aetion potential when 
the neuron eannot fire a seeond aetion potential, no mat- 
ter how intense the stimulus, and the relative refraetory 
period is the time after an aetion potential when a seeond 
aetion potential ean be generated if the stimulus intensity 
is inereased. 

In this aetivity you will use these eoneepts to begin 
to explore how the axon eodes the stimulus intensity 
as frequency, the number of events (in this ease, aetion 
potentials) per unit time. To demonstrate this phenomenon 
you will use longer periods of stirmdation that are more 
representative of real-life stimuli. For example, when 
you encounter an odor, the odor is normally present for 
seeonds (or longer), unlike the very brief stimuli used in 
Aetivities 3-5. These longer stimuli allow the axon of the 
neuron to generate additional aetion potentials as soon as 
it has reeovered from the first. As seen in Aetivity 5, the 
length of this reeovery period ehanges depending on the 
stimulus intensity. For example, at threshold, a seeond 
aetion potential ean occur only after the axon has reeov- 
ered from the absolute refraetory period and the entire 
relative refraetory period. 

We will not eonsider the phenomenon of adaptation, 
which is a deerease in the response amplitude that often 
occurs with prolonged stimuli. For example, with most 
odors, after many seeonds, you no longer smell the odor, 
even though it is still present. This deerease in response is 
due to adaptation. 


r \ 

EQUIPMENT USED The following equipment 
will be depieted on-sereen: nerve ehamber; axon; 
oseilloseope—used to observe timing of stimuli and 
voltage ehanges in the axon; stimulator—used to set the 
voltage and duration of stimuli and to deliver pulses that 
depolarize the axon; stimulation wires (S); reeording 
eleetrode (wires Rl)—used to reeord voltage ehanges in 
the axon. (The reeording eleetrode is 2 eentimeters from 
the stimulation wires.) 

v___ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 

Exercise 3: Neurophysiology of Nerve Impulses. Click 
Aetivity 6: The Aetion Potential: Coding for Stimulus 

Intensity, and take the online Pre-lab Quiz for Aetivity 6. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 
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1. Note that the stimulus duration is set to 0.5 milliseeonds 
and the oseilloseope is set to display 100 milliseeonds per 
division. Set the voltage to 20 mV, the threshold voltage, by 
elieking the + button beside the voltage display. Click Single 
Stimulus to deliver a pulse to the axon and observe the trae- 
ing that results. 

2. Note how the aetion potential looks at this timeseale and 
eliek Reeord Data to display your results in the grid (and 
reeord your results in Chart 6). 


OHART 6 


Frequency of Aetion Potentials 


Stimulus voltage 
(mV) 

Stimulus duration 
(msee) 

ISI (msee) 

Aetion potential 
frequency (Hz) 
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3. Inerease the stimulus duration to 500 milliseeonds by 
seleeting 500 from the duration pull-down menu. Click Sin- 
gle Stimulus to deliver a pulse to the axon and observe the 
traeing that results. The stimulus is delivered after a delay of 
100 milliseeonds so that you ean easily see the timing of the 
stimulus. 

4. At the site of stimulation, the stimulus keeps the mem- 
brane of the axon at threshold for a long time, but this depo- 
larization does not spread to the reeording eleetrode. After 
one aetion potential has been generated and the axon has 
fully reeovered from its absolute and relative refraetory peri- 
ods, the stimulus is still present to generate another aetion 
potential. 

Measure the time (in milliseeonds) between aetion 
potentials. This interval should be a bit longer than the 
relative refraetory period (measured in Aetivity 5). Click 
Measure to help determine the time between aetion poten- 
tials. A thin, vertieal yellow line appears at the far left 
side of the oseilloseope sereen. You ean move the line in 
10-milliseeond inerements by elieking the + and — buttons 
beside the time display, which shows the time at the line. 
Click Submit to display your answer in the data table (and 
reeord your results in Chart 6). 

5. The interval between aetion potentials is sometimes 
ealled the interspike interval (ISI). Aetion potentials are 
sometimes referred to as spikes because of their rapid time 
course. From the ISI, you ean calculate the aetion poten- 
tial frequency. The frequency is the reeiproeal of the inter- 
val and is usually expressed in hertz (Hz), which is events 
(aetion potentials) per seeond. From the ISI you entered, 
calculate the frequency of aetion potentials with a prolonged 
(500 msee) threshold stimulus intensity. Frequency = 1/ISI. 
Click Submit to display your answer in the data table (and 
reeord your results in Chart 6). 

6. A stimulus intensity of 30 mV was able to generate a 
seeond aetion potential toward the end of the relative refrae- 
tory period in Aetivity 5. With this stronger stimulus, the see- 
ond aetion potential ean occur after a shorter time. inerease 
the stimulus intensity to 30 mV by elieking the + button 
beside the voltage display. Click Single Stimulus to deliver 
this stronger stimulus and observe the traeing that results. 

7. Click Submit to display your answer in the data table 
(and reeord your results in Chart 6). Click Measure to help 
determine the time between aetion potentials. A thin, verti- 
eal yellow line appears at the far left side of the oseilloseope 
sereen. You ean move the line in 10-milliseeond inerements 
by elieking the + and — buttons beside the time display, 
which shows the time at the line. 

8. From the ISI you entered, calculate the frequency of aetion 
potentials with a prolonged (500 msee) 30-mV stimulus inten- 
sity. Frequency = 1/ISI. Click Submit to display your answer 
in the data table (and reeord your results in Chart 6). 

9. A stimulus intensity of 45 mV was able to generate a 
seeond aetion potential in the middle of the relative refraetory 
period in Aetivity 5. With this even stronger stimulus, the 
seeond aetion potential ean occur after an even shorter time. 
inerease the stimulus intensity to 45 mV. 


PREDICT Question 1 

What effeet will the inereased stimulus intensity 
have on the frequency of aetion potentials? 


10. Click Single Stimulus to deliver the stronger, 45-mV 
stimulus and observe the traeing that results. 

11. Click Submit to display your answer in the data table 
(and reeord your results in Chart 6). Click Measure to help 
determine the time between aetion potentials. A thin, verti- 
eal yellow line appears at the far left side of the oseilloseope 
sereen. You ean move the line in 10-milliseeond inerements 
by elieking the + and — buttons beside the time display, 
which shows the time at the line. 

12. From the ISI you entered, calculate the frequency of 
aetion potentials with a prolonged (500 msee) 45-mV stimu- 
lus intensity. Frequency = 1/ISI. Click Submit to display your 
answer in the data table (and reeord your results in Chart 6). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 6. 

Aetivity Questions 

1. Compare the aetion potential frequency in a temperature- 
sensitive sensory neuron exposed to warm water and then hot 
water. 


2. When a long-duration stimulus is applied, what two 
determinants of an aetion potential refraetory period are 
being overeome? 


3. Suggest several ways to pharmaeologieally overeome 
a neuron’s refraetory period and thereby inerease the aetion 
potential frequency. 


A C T I V I T Y 7 


The Aetion Potential: Conduction Veloeity 

OBJECTIVES 

1. To define and measure coriduction veloeity for an aetion 
potential. 

2. To examine the effeet of myelination on conduction 
veloeity. 

3. To examine the effeet of axon diameter on conduction 
veloeity. 
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Exercise 3 


ntroduction 

Onee generated, the aetion potential is propagated, or eon- 
ducted, down the axon. In other words, all-or-none aetion 
potentials are regenerated along the entire length of the 
axon. This propagation ensures that the amplitude of the 
aetion potential does not diminish as it is conducted along 
the axon. In some eases, such as the sensory neuron traveling 
from your toe to the spinal eord, the axon ean be quite long 
(in this ease, up to 1 meter). Propagation/conduction occurs 
because there are voltage-gated sodium and potassium ehan- 
nels loeated along the axon and because the large depolariza- 
tion that constitutes the aetion potential (onee generated at 
the trigger zone) easily brings the next region of the axon to 
threshold. The conduction veloeity ean be easily calculated 
by knowing both the distanee the aetion potential travels and 
the amount of time it takes. Veloeity has the units of distanee 
per time, typieally meters/seeond. An experimental stimulus 
artifaet (see Aetivity 3) provides a eonvenient marker of the 
stimulus time because it travels very quickly (for our pur- 
poses, instantaneously) along the axon. 

Several parameters influence the conduction veloeity 
in an axon, including the axon diameter and the amount of 
myelination. Myelination refers to a speeial wrapping of the 
membrane from glial eells (or neuroglia) around the axon. In 
the eentral nervous system, oligodendroeytes are the glia that 
wrap around the axon. In the peripheral nervous system, the 
Schwann eells are the glia that wrap around the axon. Many 
glial eells along the axon contribute a myelin sheath, and the 
myelin sheaths are separated by gaps ealled nodes of Ranvier. 

In this aetivity you will eompare the conduction veloei- 
ties of three axons: (1) a large-diameter, heavily myelinated 
axon, often ealled an A fiber (the terms axon and fiber are syn- 
onymous), (2) a medium-diameter, lightly myelinated axon 
(ealled the B fiber), and (3) a thin, unmyelinated fiber (ealled 
the C fiber). Examples of these axon types in the body include 
the axon of the sensory Paeinian corpuscle (an A fiber), the 
axon of both the olfaetory sensory neuron and a free nerve 
ending (C fibers), and a viseeral sensory fiber (a B fiber). 

( 'N 

EQUIPMENT USED The following equipment 
will be depieted on-sereen: nerve ehamber; three axons— 

A fiber, B fiber, and C fiber; oseilloseope—used to 
observe timing of stimuli and voltage ehanges in the axon; 
stimulator—used to set the stimulus voltage and to deliver 
pulses that depolarize the axon; stimulation wires (S); 
reeording eleetrodes (wires R1 and R2)—used to reeord 
voltage ehanges in the axon. (The first set of reeording 
eleetrodes, Rl, is 2 eentimeters from the stimulation 
wires, and the seeond set of reeording eleetrodes, R2, is 
2 eentimeters from Rl.) 


Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 

Exercise 3: Neurophysiology of Nerve Impulses. Click 
Aetivity 7: The Aetion Potential: Conduction Veloeity, 

and take the online Pre-lab Quiz for Aetivity 7. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



1. Click the A fiber to put this axon in the nerve ehamber. 
Note that the stimulus duration is set to 0.5 milliseeonds and 
the oseilloseope is set to display 1 milliseeond per division. 

Set the voltage to 30 mV, a suprathreshold voltage for all 
the axons in this experiment, by elieking the + button beside 
the voltage display. Note that different axons ean have differ- 
ent thresholds. Click Single Stimulus to deliver a pulse to the 
axon and observe the traeing that results. 

2. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 7). 

3. Note the differenee in time between the aetion poten- 
tial reeorded at R1 and the aetion potential reeorded at R2. 
The distanee between these sets of reeording eleetrodes is 
10 eentimeters (0.1 m). Convert the time from milliseeonds 
to seeonds and then eliek Submit to display your results in 
the grid (and reeord your results in Chart 7). 

4. Calculate the conduction veloeity in meters/seeond by 
dividing the distanee between R1 and R2 (0.1 m) by the time 
it took for the aetion potential to travel from R1 to R2. Click 




GHART 7 


Conduction Veloeity 


Axon type 

Myelination 

Stimulus 
voltage (mV) 

Distanee 

from R1 to R2 (m) 

Time between aetion 
potentials at R1 and R2 

Conduction 
veloeity (m/see) 

(msee) 

(see) 
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Submit to display your results in the grid (and reeord your 
results in Chart 7). 

PREDICT Question 1 

How will the eondiietion veloeity in the B fiber 
eompare with that in the A fiber? 


5. Click the B fiber to put this axon in the nerve ehamber. 
Set the timeseale on the oseilloseope to 10 milliseeonds per 
division by seleeting 10 in the timeseale pull-down menu. 
Click Single Stimulus to deliver a pulse to the axon and 
observe the traeing that results. 

6-8. Repeat steps 2-4 with the B fiber (and reeord your 
results in Chart 7). 

PREDICT Question 2 

How will the conduction veloeity in the C fiber 
eompare with that in the B fiber? 


9. Click the C fiber to put this axon in the nerve ehamber. 
Set the timeseale on the oseilloseope to 50 milliseeonds per 
division by seleeting 50 in the timeseale pull-down menu. 
Click Single Stimulus to deliver a pulse to the axon and 
observe the traeing that results. 

10-12. Repeat steps 2-4 with the C fiber (and reeord your 
results in Chart 7). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 7. 

Aetivity Questions 

1. The squid utilizes a very large-diameter, unmyelin- 
ated axon to execute a rapid eseape response when it 
pereeives danger. How is this possible, given that the axon 
is unmyelinated? 


2. When you burn your finger on a hot stove, you feel 
sharp, immediate pain, which later beeomes slow, throbbing 
pain. These two types of pain are earried by different pain 
axons. Speculate on the axonal diameter and extent of myeli- 
nation of these axons. 


3. Why do humans possess a mixture of axons, some large- 
diameter, heavily myelinated axons and some small-diameter, 
relatively unmyelinated axons? 


A C T I V I T Y 8 


ehemieal Synaptie Transmission 
and Neurotransmitter Release 

OBJECTIVES 

1. To define neurotransmitter, ehemieal synapse, synaptie 
vesiele, and postsynaptie potential. 

2. To determine the role of ealeiiim ions in neurotransmitter 
release. 


lntroduction 

A major function of the nervous system is communica- 
tion. The axon conducts the aetion potential from one plaee 
to another. Often, the axon has branehes so that the aetion 
potential is conducted to several plaees at about the same 
time. At the end of eaeh braneh, there is a region ealled the 
axon terminal that is speeialized to release paekets of ehemi- 
eal neurotransmitters from small (~30-nm diameter) intra- 
cellular membrane-bound vesieles, ealled synaptie vesieles. 
Neurotransmitters are extracellular signal molecules that aet 
on loeal targets as paraerine agents, on the neuron releasing 
the ehemieal as autocrine agents, and sometimes as hormones 
(endoerine agents) that reaeh their target(s) via the circula- 
tion. These ehemieals are released by exocytosis and diffuse 
aeross a small extracellular spaee (ealled the synaptie gap, 
or synaptie eleft) to the target (most often the reeeiving end 
of another neuron or a muscle or gland). The neurotransmit- 
ter molecules often bind to membrane reeeptor proteins on 
the target, setting in motion a sequence of molecular events 
that ean open or elose membrane ion ehannels and cause the 
membrane potential in the target eell to ehange. This region 
where the neurotransmitter is released from one neuron and 
binds to a reeeptor on a target eell is ealled a ehemieal synapse, 
and the ehange in membrane potential of the target is ealled a 
synaptie potential, or postsynaptie potential. 

In this aetivity you will explore some of the steps in 
neurotransmitter release from the axon terminal. Exocytosis 
of synaptie vesieles is normally triggered by an inerease in 
calcium ions in the axon terminal. The calcium enters from 
outside the eell through membrane calcium ehannels that 
are opened by the depolarization of the aetion potential. 
The axon terminal has been greatly magnified in this aetiv- 
ity so that you ean visualize the release of neurotransmitter. 
Different from the other aetivities in this exercise, however, 
this procedure of direetly seeing neurotransmitter release is 
not easily done in the lab; rather, neurotransmitter is usually 
deteeted by the postsynaptie potentials it triggers or by eol- 
leeting and analyzing ehemieals at the synapse after robust 
stimulation of the neurons. 
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Exercise 3 


( \ 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: neuron (in vitro)—a large, dis- 
soeiated (or cultured) neuron with magnified axon termi- 

r\ I r\ ■ 

nals; four extracellular solutions—eontrol Ca , no Ca , 
low Ca 2+ , and Mg 2+ . 

v___ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek Exer- 
eise 3: Neurophysiology of Nerve Impulses. Click Aetivity 8: 
Chemical Synaptie Transmission and Neurotransmitter 

Release, and take the online Pre-lab Quiz for Aetivity 8. 

After you take the online Pre-lab Quiz, eliek the Experi- 
ment tab and begin the experiment. The experiment instrae- 
tions are reprinted here for your referenee. The opening 
sereen for the experiment is shown below. 





1. Click the eontrol Ca 2+ extracellular solution to fill the 
petri dish with the eontrol extracellular solution. 

2. Click Low Intensity on the stimulator and then eliek 
Stimulate to stimulate the neuron (axon) with a threshold 
stimulus that generates a low frequency of aetion potentials. 
Observe the release of neurotransmitter. 

3. Click High Intensity on the stimulator and then eliek 
Stimulate to stimulate the neuron with a longer, more intense 
stimulus to generate a burst of aetion potentials. Observe the 
release of neurotransmitter. 


r PREDICT Question 1 

You have just observed that eaeh aetion poten- 
tial in a burst ean trigger additional neurotrans- 
mitter release. If calcium ions are removed from 
the extracellular solution, what will happen to neuro- 
transmitter release at the nerve terminal? 


4-6. Repeat steps 1-3 with the no Ca 2+ extracellular 
solution. 


PREDIOT Question 2 

What will happen to the amount of neurotrans- 
mitter release when low amounts of calcium are 
added baek to the extracellular solution? 


7-9. Repeat steps 1-3 with the low Ca 2+ extracellular solution. 


I PREDICT Questíon 3 

What will happen to neurotransmitter release 
when magnesium is added to the extracellular 
solution? 


10-12. Repeat steps 1-3 with the Mg 2+ extracellular solution. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 8. 

Aetivíty Questions 

1. If you added more sodium to the extracellular solution, 
could the sodium substitute for the missing calcium? 


2. How does botulinum toxin bloek synaptie transmission? 
Why is it used for eosmetie procedures? 



A C T I V I T Y 9 


The Aetion Potential: Putting It All Together 

OBJECTIVES 

1. To identify the functional areas (for example, the sensory 
ending, axon, and postsynaptie membrane) of a two- 
neuron circuit. 

2. To prediet and test the responses in eaeh functional 
area to a very weak, subthreshold stimulus. 

3. To prediet and test the responses in eaeh functional 
area to a moderate stimulus. 

4. To prediet and test the responses in eaeh functional 
area to an intense stimulus. 


ntroduction 

In the nervous system, sensory neurons respond to adequate 
sensory stimuli, generating aetion potentials in the axon if 
the stimulus is strong enough to reaeh threshold (the aetion 

































































Neurophysiology of Nerve Impiilses 


PEx-51 


potential is an u all-or-nothing” event). Via ehemieal syn- 
apses, these sensory neurons communicate with interneurons 
that proeess the information. Interneurons also communicate 
with motor neurons that stimulate muscles and glands, again, 
usually via ehemieal synapses. 

After performing Aetivities 1-8, you should have a bet- 
ter understanding of how neurons function by generating 
ehanges from their resting membrane potential. If thresh- 
old is reaehed, an aetion potential is generated and propa- 
gated. If the stimulus is more intense, then aetion potentials 
are generated at a higher frequency, causing the release of 
more neurotransmitter at the next synapse. At an excitatory 
synapse the ehemieal neurotransmitter binds to reeeptors at 
the reeeiving end of the next eell (usually the eell body or 
dendrites of an interneuron), causing ion ehannels to open, 
resulting in a depolarization toward threshold for an aetion 
potential in the interneuron’s axon. This depolarizing synap- 
tie potential (ealled an excitatory postsynaptie potential) is 
graded in amplitude, depending on the amount of neurotrans- 
mitter and the number of ehannels that open. In the axon, the 
amplitude of this synaptie potential is eoded as the frequency 
of aetion potentials. Neurotransmitters ean also cause inhibi- 
tion, which will not be eovered in this aetivity. 

In this aetivity you will stimulate a sensory neuron, pre- 
diet the response of that eell and its target, and then test those 
predietions. 

EQUIPMENT USED Thefollowingequipmentwill 

be depieted on-sereen: neuron (in vitro)—a large, dissoei- 
ated (or cultured) neuron; interneuron (in vitro)—a large, 
dissoeiated (or cultured) interneuron; mieroeleetrodes— 
small probes with very small tips that ean impale a single 
neuron (In an actual wet lab, a mieroeleetrode manipula- 
tor is used to position the mieroeleetrodes. For simplie- 
ity, the mieroeleetrode manipulator will not be depieted 
in this aetivity.); mieroeleetrode amplifier—used to meas- 
ure the voltage between the mieroeleetrodes and a referenee; 
oseilloseope—used to observe the ehanges in voltage 
aeross the membrane of the neuron and interneuron; 
stimulator—used to set the stimulus intensity (low or 
high) and to deliver pulses to the neuron. 


Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 

Exercise 3: Neurophysiology of Nerve Impulses. Click 
Aetivity 9: The Aetion Potential: Putting It All Together, 

and take the online Pre-lab Quiz for Aetivity 9. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown above. 
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1. Note the membrane potential at the sensory reeeptor and 
the reeeiving end of the interneuron and eliek Reeord Data 
to display your results in the grid (and reeord your results in 
Chart 9). 


PREDICT Question 1 

What will happen if you apply a very weak, sub- 
threshold stimulus to the sensory reeeptor? 


2. Click Very Weak intensity on the stimulator and then 
eliek Stimulate to stimulate the reeeiving end of the sensory 
neuron and observe the traeing that results. 

3. Click Reeord Data to display your results in the grid (and 
reeord your results in Chart 9). The stimulus lasts 500 msee. 


PREDIOT Question 2 

What will happen if you apply a moderate stim- 
ulus to the sensory reeeptor? 


4. Click Moderate intensity on the stimulator and then 
eliek Stimulate to stimulate the sensory reeeptor and observe 
the traeing that results. 

5. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 9). 


PREDICT Question 3 

What will happen if you apply a strong stimulus 
to the sensory reeeptor? 
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Exercise 3 


CHART 9 


Putting It All Together 



Sensory neuron 

lnterneuron 

Stimulus 

Membrane 
Potential (mV) 
Reeeptor 

AP frequency 
(Hz) in axon 

Vesieles released 
from axon ter- 
minal 

Membrane 
potential (mV) 
reeeiving end 

AP frequency 
(Hz) in axon 

None 






Weak 






Moderate 






Strong 







6. Click Strong intensity on the stimulator and then eliek 2. If the axons were unmyelinated, would the peak value of 

Stimulate to stimulate the sensory reeeptor and observe the the aetion potential at R4 ehange relative to that at R2? 

traeing that results. 

7. Click Reeord Data to display your results in the grid - 

(and reeord your results in Chart 9). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 9. 

Aetivity Questions 

1. Why were the peak values of the aetion potentials at R2 
and R4 the same when you applied a strong stimulus? 
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AOTIVITY 1 


The Resting Membrane Potential 


1. Explain why inereasing extracellular K + reduces the net diffusion of out of the neuron through the K^ leak ehannels. 


+ 


+ 



Explain why inereasing extracellular K + causes the membrane potential to ehange to a less negative value. How well did the 
resiilts eompare with your predietion?_ 


3. Explain why a ehange in extracellular Na + did not alter the membrane potential in the resting neuron. 


4. Discuss the relative permeability of the membrane to Na + and K + in a resting neuron. 


5. Discuss how a ehange in Na + or K + conductance would affeet the resting membrane potential. 


A C T I V I T Y 2 


Reeeptor Potential 


1. Sensory neurons have a resting potential based on the efflux of potassium ions (as demonstrated in Aetivity 1). What passive 
ehannels are likely found in the membrane of the olfaetory reeeptor, in the membrane of the Paeinian corpuscle, and in the 
membrane of the free nerve ending? _ 


PEx-53 


2. What is meant by the term graded potentiall 



























PEx-54 


Review Sheet 3 


3. Identify which of the stimulus modalities induced the largest amplitude reeeptor potential in the Paeinian corpuscle. How 
well did the resiilts eompare with your predietion?_ 


4. Identify which of the stimulus modalities induced the largest-amplitude reeeptor potential in the olfaetory reeeptors. How 
well did the resiilts eompare with your predietion?_ 


5. The olfaetory reeeptor also eontains a membrane protein that reeognizes isoamyl aeetate and, via several other molecules, 
transduces the odor stimulus into a reeeptor potential. Does the Paeinian corpuscle likely have this isoamyl aeetate reeeptor 
protein? Does the free nerve ending likely have this isoamyl aeetate reeeptor protein?_ 


6. What type of sensory neuron would likely respond to a green light? 


A C T I V I T Y 3 


The Aetion Potential: Threshold 


1. Define the term threshold as it applies to an aetion potential. 


2. What ehange in membrane potential (depolarization or hyperpolarization) triggers an aetion potential? 


3. How did the aetion potential at R1 (or R2) ehange as you inereased the stimulus voltage above the threshold voltage? How 
well did the resiilts eompare with your predietion?_ 


4. An aetion potential is an “all-or-nothing” event. Explain what is meant by this phrase. 


5. What part of a neuron was investigated in this aetivity? 
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The Aetion Potential: importanee of Voltage-Gated Na + Ghannels 


1. What does TTX do to voltage-gated Na + ehannels? 


2. What does lidoeaine do to voltage-gated Na + ehannels? How does the effeet of lidoeaine differ from the effeet of TTX? 


3. A nerve is a bundle of axons, and some nerves are less sensitive to lidoeaine. If a nerve, rather than an axon, had been used in 
the lidoeaine experiment, the responses reeorded at R1 and R2 would be the sum of all the aetion potentials (ealled a compound 
aetion potential). Would the response at R2 after lidoeaine applieation neeessarily be zero? Why or why not?_ 



Why are fewer aetion potentials reeorded at R2 when TTX is applied between R1 and R2? How well did the results eompare 
with your predietion?_ 



Why are fewer aetion potentials reeorded at R2 when lidoeaine is applied between R1 and R2? How well did the results 
eompare with your predietion?_ 


6. Pain-sensitive neurons (ealled noeieeptors) conduct aetion potentials from the skin or teeth to sites in the brain involved in 


pain pereeption. Where should a dentist injeet the lidoeaine to bloek pain pereeption? 


A C T I V I T Y 5 


The Aetion Potential: Measuring Its Absolute and Relative Refraetory Periods 


1. Define inaetivation as it applies to a voltage-gated sodium ehannel. 
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Review Sheet 3 


2. Define the absolute refraetory period. 



How did the threshold for the seeond aetion potential ehange as you further deereased the interval between the stimuli? 
How well did the resiilts eompare with your predietion?_ 


4. Why is it harder to generate a seeond aetion potential during the relative refraetory period? 


A C T I V I T Y 6 


The Aetion Potential: Coding for Stimulus Intensity 


1. Why are multiple aetion potentials generated in response to a long stimulus that is above threshold? 


2. Why does the frequency of aetion potentials inerease when the stimulus intensity inereases? How well did the results 
eompare with your predietion?_ 


3. How does threshold ehange during the relative refraetory period? 


4. What is the relationship between the interspike interval and the frequency of aetion potentials? 


A C T I V I T Y 7 


The Aetion Potential: Conduction Veloeity 



How did the conduction veloeity in the B fiber eompare with that in the A fiber? How well did the results eompare with your 
predietion?_ 
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How did the conduction veloeity in the C fiber eompare with that in the B fiber? How well did the results eompare with your 
predietion?_ 


3. What is the effeet of axon diameter on conduction veloeity? 


4. What is the effeet of the amount of myelination on conduction veloeity? 


5. Why did the time between the stimulation and the aetion potential at R1 differ for eaeh axon? 


6. Why did you need to ehange the timeseale on the oseilloseope for eaeh axon? 


AOTIVITY 8 


ehemieal Synaptie Transmission and Neurotransmitter Release 



When the stimulus intensity is inereased, what ehanges: the number of synaptie vesieles released or the amount of 
neurotransmitter per vesiele?_ 



What happened to the amount of neurotransmitter release when you switched from the eontrol extracellular fluid to the 

0 - 1 - 

extracellular fluid with no Ca ? How well did the results eompare with your predietion?_ 



r\ 

What happened to the amount of neurotransmitter release when you switched from the extracellular fluid with no Ca to 

r\ 

the extracellular fluid with low Ca ? How well did the results eompare with your predietion?_ 
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Review Sheet 3 



r\ 

How did neurotransmitter release in the Mg extracellular fluid eompare to that in the eontrol extracellular fluid? How well 
did the resiilt eompare with your predietion?_ 



How does Mg 2+ 


bloek the effeet of extracellular calcium on neurotransmitter release? 



The Aetion Potential: Putting It All Together 


1. Why is the resting membrane potential the same value in both the sensory neuron and the interneuron? 


2. Deseribe what happened when you applied a very weak stimulus to the sensory reeeptor. How well did the results eompare 


with your predietion? 


3. Deseribe what happened when you applied a moderate stimulus to the sensory reeeptor. How well did the results eompare 


with your predietion? 


4. Identify the type of membrane potential (graded reeeptor potential or aetion potential) that occurred at Rl, R2, R3, and R4 


when you applied a moderate stimulus. (View the response to the stimulus.) 



Deseribe what happened when you applied a strong stimulus to the sensory reeeptor. How well did the results eompare with 
yoiir predietion?_ 
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Endoerine System Physiology 

PRE-LAB Q U I Z 

1. Define metabolism. _ 

2. Circle the eorreet underlined term: Hormones are ehemieals seereted 
from endoerine / exocrine glands. 

3. The most important hormone for maintaining metabolism and body 
heat is: 

a. steroid hormone 

b. thyroxine 

e. thyroid-stimulating hormone 

d. adrenaline 

4. Circle the eorreet underlined term: Negative feedbaek meehanisms / 
Positive feedbaek meehanisms ensure that if the body needs a 
hormone it will be produced until there is too much of it. 

5. After menopause, the ovaries will stop producing and seereting: 

a. progesterone 

b. follicle-stimulating hormone 

e. estrogen 
d. androgen 

6. _is the hormone produced by the beta eells of the 

panereas that allows our eells to absorb glucose from the bloodstream. 

a. Insulin e. Cortisol 

b. Glucagon d. Mellitol 

7. Circle True or False: Cortisol is a hormone seereted by the adrenal 
medulla. 

8. Circle the eorreet underlined term: Diabetes mellitus tvpe 1 / tvpe 2 results 
when the body is able to produce enough insulin but fails to respond to it. 


Exercise Overview 

In the human body the endoerine system (in addition to the nervous system) 
eoordinates and integrates the functions of different physiologieal systems 
(view Figure 4.1). Thus, the endoerine system plays a eritieal role in maintain- 
ing homeostasis. This role begins with ehemieals, ealled hormones, seereted 
from ductless endoerine glands, which are tissues that have an epithelial origin. 
Endoerine glands seerete hormones into the extracellular fluid eompartments. 
More speeifieally, the blood usually earries hormones (sometimes attaehed to 
speeifie plasma proteins) to their target eells. Target eells ean be very elose to, 
or very far from, the source of the hormone. 

Hormones bind to high-affinity reeeptors loeated on the target eell’s sur- 
faee, in its eytosol, or in its nucleus. These hormone reeeptors have remarkable 
sensitivity, as the hormone eoneentration in the blood ean range from 10 -9 to 
10“ 12 molar! A hormone-reeeptor complex forms and ean then exert a biologieal 
aetion through signal-transduction easeades and alteration of gene transeription 
at the target eell. The physiologieal response to hormones ean vary from seeonds 
to hours to days, depending on the ehemieal nature of the hormone and its reeep- 
tor loeation in the target eell. 

The ehemieal structure of the hormone is important in determining how it will 
interaet with target eells. Peptide and eateeholamine hormones are fast-aeting hor- 
mones that attaeh to a plasma-membrane reeeptor and cause a seeond-messenger 
easeade in the eytoplasm of the target eell. For example, a ehemieal ealled eAMP 
(eyelie adenosine monophosphate) is synthesized from a molecule of ATP. The 
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Exercise 4 
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FIG U R E 4.1 Seleeted endoerine organs of the body. 


synthesis of this ehemieal makes the eell more metabolieally 
aetive and, therefore, more able to respond to a stimulus. 

Steroid hormones and thyroxine (thyroid hormone) are 
slow-acting hormones that enter the target eell and interaet with 
the nucleus to affeet the transeription of various proteins that the 
eell ean synthesize. The hormones enter the nucleus and attaeh 
at speeifie points on the DNA. Eaeh attaehment causes the pro- 
duction of a speeifie mRNA, which is then moved to the eyto- 
plasm, where ribosomes ean translate the mRNA into a protein. 

Keep in mind that the organs of the endoerine system do 
not function independently. The aetivities of one endoerine 
gland are often eoordinated with the aetivities of other glands. 
No one system functions independently of any other system. 
For this reason, we will be stressing feedbaek meehanisms 
and how we ean use them to prediet, explain, and understand 
hormone effeets. 

Given the powerful influence that hormones have on 
homeostasis, negative feedbaek meehanisms are important 
in regulating hormone seeretion, synthesis, and effeetiveness 
at target eells. Negative feedbaek ensures that if the body 
needs a particular hormone, that hormone will be produced 
until there is too much of it. When there is too much of the 
hormone, its release will be inhibited. 

Rarely, the body regulates hormones via a positive feed- 
baek meehanism. The release of oxytocin from the posterior 
pituitary is one of these rare instanees. Oxytocin is a hor- 
mone that causes the muscle layer of the uterus, ealled the 
myometrium, to eontraet during ehildbirth. This eontraetion 
of the myometrium causes additional oxytocin to be released, 


allowing stronger eontraetions. Unlike what happens in nega- 
tive feedbaek meehanisms, the inerease in circulating levels 
of oxytocin does not inhibit oxytocin seeretion. 

Many experimental methods ean be used to study the func- 
tions of an endoerine gland. These methods include removing 
the gland from an animal and then injeeting, implanting, or 
feeding glandular extracts into a normal animal or an animal 
deprived of the gland being studied. In this exercise you will 
use these methods to gain a deeper understanding of th efunc- 
tion and regulation of some of the endoerine glands. 


A C T I V I T Y 1 


Metabolism and Thyroid Hormone 

OBJECTIVES 

1. To understand the terms basal metabolie rate (BMR), 
thyroid-stimulating hormone (TSH), thyroxine, goiter, 
hypothyroidism, hyperthyroidism, thyroideetomized, and 
hyp ophyseetomized. 

2. To observe how negative feedbaek meehanisms 
regulate hormone release. 

3. To understand thyroxine’s role in maintaining the basal 
metabolie rate. 

4. To understand the effeet of TSH on the basal metabolie 
rate. 

5. To understand the role of the hypothalamus in regulating 
the seeretion of thyroxine and TSH. 


lntroduction 

Metabolism is the broad range of bioehemieal reaetions 
occurring in the body. Metabolism includes anabolism and 
eatabolism. Anabolism is the building up of small molecules 
into larger, more complex molecules via enzymatie reaetions. 
Energy is stored in the ehemieal bonds formed when larger, 
more complex molecules are formed. 

Catabolism is the breakdown of large, complex molecules 
into smaller molecules via enzymatie reaetions. The breaking of 
ehemieal bonds in eatabolism releases energy that the eell ean 
use to perform various aetivities, such as forming ATP. The eell 
does not use all the energy released by bond breaking. Much of 
the energy is released as heat to maintain a fixed body tempera- 
ture, espeeially in humans. Humans are homeothermie organ- 
isms that need to maintain a fixed body temperature to maintain 
the aetivity of the various metabolie pathways in the body. 

The most important hormone for maintaining metabo- 
lism and body heat is thyroxine (thyroid hormone), also 
known as tetraiodothyronine, or T 4 . Thyroxine is seereted by 
the thyroid gland, loeated in the neek. 

The production of thyroxine is eontrolled by the pituitary 
gland, or hypophysis, which seeretes thyroid-stimulating 
hormone (TSH). The blood earries TSH to its target tissue, 
the thyroid gland. TSH causes the thyroid gland to inerease in 
size and seerete thyroxine into the general circulation. If TSH 
levels are too high, the thyroid gland enlarges. The resulting 
glandular swelling in the neek is ealled a goiter. 

The hypothalamus in the brain is also a vital partieipant 
in thyroxine and TSH production. It is a primary endoerine 
gland that seeretes several hormones that affeet the pitui- 
tary gland, or hypophysis, which is also loeated in the brain. 
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Thyrotropin-releasing hormone (TRH) is direetly linked 
to thyroxine and TSH seeretion. TRH from the hypothalamus 
stimulates the anterior pituitary to produce TSH, which then 
stimulates the thyroid to produce thyroxine. 

These events are part of a elassie negative feedbaek 
meehanism. When circulation levels of thyroxine are low, 
the hypothalamus seeretes more TRH to stimulate the pitui- 
tary gland to seerete more TSH. The inerease in TSH further 
stimulates the seeretion of thyroxine from the thyroid gland. 
The inereased levels of thyroxine will then influence the 
hypothalamus to reduce its production of TRH. 

TRH travels from the hypothalamus to the pituitary gland 
via the hypothalamic-pituitary portal system. This speeial- 
ized arrangement of blood vessels eonsists of a single portal 
vein that eonneets two eapillary beds. The hypothalamie- 
pituitary portal system transports many other hormones from 
the hypothalamus to the pituitary gland. The hypothalamus 
primarily seeretes tropie hormones, which stimulate the 
seeretion of other hormones. TRH is an example of a tropie 
hormone because it stimulates the release of TSH from the 
pituitary gland. TSH itself is also an example of a tropie hor- 
mone because it stimulates production of thyroxine. 

In this aetivity you will investigate the effeets of thyrox- 
ine and TSH on a rat’s metabolie rate. The metabolie rate will 
be indieated by the amount of oxygen the rat consumes per 
time per body mass. You will perform four experiments on 
three rats: a normal rat, a thyroideetomized rat (a rat whose 
thyroid gland has been surgically removed), and a hypophy- 
seetomized rat (a rat whose pituitary gland has been surgically 
removed). You will determine (1) the rat’s basal metabolie rate, 

(2) its metabolie rate after it has been injeeted with thyroxine, 

(3) its metabolie rate after it has been injeeted with TSH, and 

(4) its metabolie rate after it has been injeeted with propylthi- 
ouracil, a dmg that inhibits the production of thyroxine. 

( 'S 

EQUIPMENT USED The following equipment will 
be depieted on-sereen: three refillable syringes—used to 
injeet the rats with propylthiouracil (a drug that inhibits 
the production of thyroxine by bloeking the ineorporation 
of iodine into the hormone precursor molecule), thyroid- 
stiimilating hormone (TSH), and thyroxine; airtight, glass 
animal ehamber—provides an isolated, sealed system in 
which to measure the amount of oxygen consumed by the 
rat in a speeified amount of time (Opening the elamp on 
the left tube allows outside air into the ehamber, and elos- 
ing the elamp will ereate a elosed, airtight system. The 
T-eonneetor on the right tube allows you to eonneet the 
ehamber to the manometer or to eonneet the fluid-filled 
manometer to the syringe filled with air.); soda lime 
(found at the bottom of the glass ehamber)—absorbs 
the earbon dioxide given off by the rat; manometer— 
U-shaped tube eontaining fluid (As the rat consumes oxy- 
gen in the isolated, sealed system, this fluid will rise in 
the left side of the U-shaped tube and fall in the right side 
of the tube.); syringe—used to injeet air into the tube and 
thus measure the amount of air that is needed to return 
the fluid columns in the manometer to their original lev- 
els; animal seale—used to measure body weight; three 
white rats—a normal rat, a thyroideetomized (Tx) rat (a 
rat whose thyroid gland has been surgically removed), and 
a hypophyseetomized (Hypox) rat (a rat whose pituitary 
gland has been surgically removed). 

v_____ 


Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 4: Endoerine System Physiology. Click Aetivity 1: 
Metabolism and Thyroid Hormone, and take the online 
Pre-lab Quiz for Aetivity 1. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 
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Part 1: Determining the Basal Metabolie Rates 

In the first part of this aetivity, you will determine the basal 
metabolie rate (BMR) for eaeh of the three rats. 

la. Drag the normal rat into the ehamber to find its BMR. 

lb. Click Weigh to determine the rat’s weight. 

le. Click the elamp on the left tube (top of the ehamber) to 
elose it. This will prevent any outside air from entering the 
ehamber and ensure that the only oxygen the rat is breathing 
is the oxygen inside the elosed system. 

ld. Note that the timer is set to one minute. Click Start 
beneath the timer to measure the amount of oxygen consumed 
by the rat in one minute in the sealed ehamber. Note what hap- 
pens to the water levels in the manometer as time progresses. 

le. Click the T-eonneetor knob to eonneet the manometer 
and syringe. 

lf. Click the elamp on the left tube (top of the ehamber) to 
open it so the rat ean breathe outside air. 

lg. Observe the differenee between the level in the left and 
right arms of the manometer. Estimate the volume of 0 2 that 
you will need to injeet to make the levels equal by counting 
the divisions on both sides. This vohime is equivalent to the 
amount of oxygen that the rat consumed during the minute 
in the sealed ehamber. Click the + button under the ml 0 2 
display until you reaeh the estimated volume. Then eliek 
Injeet and watch what happens to the fluid in the two arms. 
When the volume levels are equalized, the word “Level” will 
appear and stay on the sereen. 

• If you have not injeeted enough oxygen, the word 
“Level” will not appear. Click the + to inerease the 
volume and then eliek Injeet again. 
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Exercise 4 


• If you have injeeted too much oxygen, the word “Level” 
will flash and then disappear. Click the button to 
deerease the volume and then eliek injeet again. Click 
Reeord Data when the levels are equalized. 

lh. Calculate the oxygen consumption per hour for this rat 
using the following equation: 

ml 0 2 consumed 60 minutes 

-X -= ml 0 2 /hr 

1 minute 1 hr 

Enter the oxygen consumption per hour in the field 
below and then eliek Submit to reeord your results in the lab 
report._ml 0 2 /hr 

li. Now that you have calculated the oxygen consumption 
per hour for this rat, you ean calculate the metabolie rate 
per kilogram of body weight with the following equation 
(note that you need to eonvert the weight data from grams to 
kilograms to use this equation): Metabolie rate = (ml 0 2 /hr)/ 
(weight in kg) = ml 0 2 /kg/hr. 

ml 0 2 /hr 

Metabolie rate = -= ml 0 2 /kg/hr 

weight m kg 

Enter the metabolie rate in the field below and then 
eliek Submit to reeord your results in the lab report. 
_ml 0 2 /kg/hr 

1 j. Click Palpate Thyroid to manually eheek the size of the 
thyroid and, thus, whether a goiter is present. After reviewing 
the findings, eliek Submit to reeord your results in the lab 
report. 

lk. Drag the rat from the ehamber baek to its eage and then 
eliek Restore (beneath Palpate Thyroid) to restore the ap- 
paratus to its initial state. 


PREDICT Question 1 

■ Make a predietion about the basal metabolie 
rate (BMR) of the remaining rats eompared with 
the BMR of the normal rat you just measured. 


2a.-2k. Repeat steps la-lk for the thyroideetomized (Tx) rat. 

3a.-3k. Repeat steps la-lk for the hypophyseetomized 
(Hypox) rat. 


PREDICT Question 2 

What do you think will happen to the metabolie 
rates of the rats after you injeet them with 
thyroxine? 


Part 2 ; Determining the Effeet of Thyroxine 
on Metabolie Rate 

In this part of the aetivity, you will investigate the effeets of 
thyroxine injeetions on the metabolie rates of all three rats. 


4a. Drag the syringe filled with thyroxine to the normal rat’ s 
hindquarters. Release the mouse button to injeet thyroxine 
into the rat. (In this experiment, the effeets of the injeetion 
are immediate. In a wet lab, you would have to injeet the rats 
daily with thyroxine for 1-2 weeks). 


4b. In this part of the aetivity, the rat’s weight, the amount of 
oxygen consumed by the rat in one minute, the rat’s oxygen 
consumption per hour, the rat’s metabolie rate, and the result 
of the thyroid palpation will be generated automatically after 
you drag the rat into the ehamber. 

Drag the injeeted rat into the ehamber and note the 
results (and reeord your results in Chart 1). 


4c. Drag the rat from the ehamber baek to its eage and 
then eliek Clean to elear all traees of thyroxine from the rat 
and elean the syringe. (In this experiment, the thyroxine is 
removed instantly. In a wet lab, elearanee would take weeks 
or require that a different rat be used.) 

5a.-5c. Repeat steps 4a-4c with the thyroideetomized (Tx) rat 
(and reeord your results in Chart 1). 

6a.-6c. Repeat steps 4a-4c with the hypophyseetomized 
(Hypox) rat (and reeord your results in Chart 1). 


PREDICT Question 3 

What do you think will happen to the metabolie 
rates of the rats after you injeet them with TSH? 


Part 3: Determining the Effeet of TSH 
on Metabolie Rate 

In this part of the aetivity, you will investigate the effeets of 
TSH injeetions on the metabolie rates of all three rats. 

7a. Drag the syringe filled with TSH to the normal rat’s 
hindquarters. Release the mouse button to injeet TSH into 
the rat. (In this experiment, the effeets of the injeetion are im- 
mediate. In a wet lab, you would have to injeet the rats daily 
with TSH for 1-2 weeks.) 

7b. In this part of the aetivity, the rat’s weight, the amount of 
oxygen consumed by the rat in one minute, the rat’s oxygen 
consumption per hour, the rat’ s metabolie rate, and the result 
of the thyroid palpation will be generated automatically after 
you drag the rat into the ehamber. 

Drag the injeeted rat into the ehamber and note the 
results (and reeord your results in Chart 1). 

7c. Drag the rat from the ehamber baek to its eage and 
then eliek Clean to elear all traees of TSH from the rat and 
elean the syringe. (In this experiment, the TSH is removed 
instantly. In a wet lab, elearanee would take weeks or require 
that a different rat be used.) 

8a.-8c. Repeat steps 7a-7c with the thyroideetomized (Tx) 
rat (and reeord your results in Chart 1). 

9a.-9c. Repeat steps 7a-7c with the hypophyseetomized 
(Hypox) rat (and reeord your results in Chart 1). 
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C H ART 


Effeets of Hormones on Metabolie Rate 


Normal rat 


Thyroideetomized rat 


Hypophyseetomized rat 


Baseline 

Weight 

ml 0 2 used in 1 minute 
ml 0 2 used per hour 
Metabolie rate 
Palpation results 


grams 

ml 

ml 

ml 0 2 /kg/hr 


grams 

ml 

ml 

ml 0 2 /kg/hr 


grams 

ml 

ml 

ml 0 2 /kg/hr 


With thyroxine 

Weight 

ml 0 2 used in 1 minute 
ml 0 2 used per hour 
Metabolie rate 
Palpation results 


grams 

ml 

ml 

ml 0 2 /kg/hr 


grams 

ml 

ml 

ml 0 2 /kg/hr 


grams 

ml 

ml 

ml 0 2 /kg/hr 


With TSH 

Weight 

ml 0 2 used in 1 minute 
ml 0 2 used per hour 
Metabolie rate 
Palpation results 


grams 

ml 

ml 

ml 0 2 /kg/hr 


grams 

ml 

ml 

ml 0 2 /kg/hr 


grams 

ml 

ml 

ml 0 2 /kg/hr 


With propylthiouracil 

Weight 

ml 0 2 used in 1 minute 
ml 0 2 used per hour 
Metabolie rate 
Palpation results 


grams 

ml 

ml 

ml 0 2 /kg/hr 


grams 

ml 

ml 

ml 0 2 /kg/hr 


grams 

ml 

ml 

ml 0 2 /kg/hr 


r \ PREDICT Question 4 

Propylthiouracil (PTU) is a drug that inhibits 
the production of thyroxine by bloeking the 
attaehment of iodine to tyrosine residues in the 
folliele eells of the thyroid gland (iodinated tyrosines 
are linked together to form thyroxine). What do you 
think will happen to the metabolie rates of the rats 
after you injeet them with PTU? 


Part 4: Determining the Effeet of 
Propylthioiiraeil on Metabolie Rate 

In this part of the aetivity, you will investigate the effeets of 
propylthiouracil injeetions on the metabolie rates of all three 
rats. 

lOa. Drag the syringe filled with propylthiouracil to the nor- 
mal rat’s hindquarters. Release the mouse button to injeet 
propylthiouracil into the rat. (In this experiment, the effeets 
of the injeetion are immediate. In a wet lab, you would have 
to injeet the rats daily with propylthiouracil for 1-2 weeks). 


lOb. In this part of the aetivity, the rat’s weight, the amount 
of oxygen consumed by the rat in one minute, the rat’ s oxy- 
gen consumption per hour, the rat’s metabolie rate, and the 
result of the thyroid palpation will be generated automati- 
eally after you drag the rat into the ehamber. 

Drag the injeeted rat into the ehamber and note the 
results (and reeord your results in Chart 1). 

lOe. Drag the rat from the ehamber baek to its eage and then 
eliek Clean to elear all traees of propylthiouracil from the rat 
and elean the syringe. (In this experiment, the propylthioura- 
eil is removed instantly. In a wet lab, elearanee would take 
weeks or require that a different rat be used.) 

lla.-lle. Repeat steps lOa-lOe with the thyroideetomized 
(Tx) rat (and reeord your results in Chart 1). 

12a.-12c. Repeat steps lOa-lOe with the hypophyseetomized 
(Hypox) rat (and reeord your results in Chart 1). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 1. 
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Exercise 4 


Aetivity Questions 

1. Using a water-filled manometer, you observed the 
amount of oxygen consumed by rats in a sealed ehamber. 
What happened to the earbon dioxide the rat produced while 
in the sealed ehamber? 


2. What would happen to the fluid levels of the manometer 
(and, thus, the results of the metabolism experiment) if the 
rats in the sealed ehamber were engaged in physieal aetivity 
(such as mnning in a wheel)? 


3. Deseribe the role of the hypothalamus in the production 
of thyroxine. 


4. What does it mean if a hormone is a tropie hormone? 


5. How could you treat a thyroideetomized rat so that it 
functions like a “normal” rat? How would you verify that 
your treatments were safe and effeetive? 


6. What is the role of the hypothalamus in the production of 
thyroid-stimulating hormone (TSH)? 


7. How does thyrotropin-releasing hormone (TRH) travel 
from the hypothalamus to the pituitary gland? 


8. Why didn’t the administration of TSH have any effeet on 
the metabolie rate of the thyroideetomized rat? 


9. Why didn’t the administration of propylthiouracil have 
any effeet on the metabolie rate of either the thyroideeto- 
mized rat or the hypophyseetomized rat? 


10. Propylthiouracil inhibits the production of thyroxine by 
bloeking the attaehment of iodine to the amino aeid tyrosine. 
What naturally occurring problem in some parts of the world 
does this drug mimie? 


A C T I V I T Y 2 


Plasma Glucose, lnsulin, 
and Dabetes Mellitus 

OBJECTIVES 

1. To understand the use of the terms insulin, type 1 
diabetes meiiitus, type 2 diabetes mellitus, and glucose 
standard curve. 

2. To understand how fasting plasma glucose levels are 
used to diagnose diabetes mellitus. 

3. To understand the assay that is used to measure plasma 
glucose. 

lntroduction 

Insulin is a hormone produced by the beta eells of the endoerine 
portion of the panereas. This hormone is vital to the regulation of 
plasma glucose levels, or “blood sugar,” because the hormone 
enables our eells to absorb glucose from the bloodstream. Glu- 
eose absorbed from the blood is either used as fuel for metabo- 
lism or stored as glyeogen (also known as animal stareh), which 
is most notable in liver and muscle eells. About 75% of glucose 
consumed during a meal is stored as glyeogen. As humans do 
not feed continuously (we are eonsidered “discontinuous feed- 
ers”), the production of glyeogen from a meal ensures that a sup- 
ply of glucose will be available for several hours after a meal. 

Furthermore, the body has to maintain a eertain level of 
plasma glucose to continuously serve nerve eells because these 
eell types use only glucose for metabolie fuel. When glucose 
levels in the plasma fall below a eertain value, the alpha eells of 
the panereas are stimulated to release the hormone glucagon. 
Glucagon stimulates the breakdown of stored glyeogen into 
glucose, which is then released baek into the blood. 

When the panereas does not produce enough insulin, 
type 1 diabetes mellitus results. When the panereas produces 
sufficient insulin but the body fails to respond to it, type 2 
diabetes mellitus results. In either ease, glucose remains in 
the bloodstream, and the body’s eells are unable to take it up to 
serve as the primary fuel for metabolism. The kidneys then filter 
the excess glucose out of the plasma. Because the reabsorption 
of filtered glucose involves a finite number of transporters in 
kidney tubule eells, some of the excess glucose is not reabsorbed 
into the circulation. Instead, it passes out of the body in urine 
(henee sweet urine, as the name diabetes mellitus suggests). 

The inability of body eells to take up glucose from the 
blood also results in skeletal muscle eells undergoing pro- 
tein eatabolism to free up amino aeids to be used in forming 
glucose in the liver. This aetion puts the body into a negative 
nitrogen balanee from the resulting protein depletion and tis- 
sue wasting. Other assoeiated problems include poor wound 
healing and poor resistanee to infeetions. 
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This aetivity is divided into two parts. In Part 1, you will 
generate a glucose standard curve, which will be explained 
in the experiment. In Part 2, you will use the glucose stand- 
ard curve to measure the fasting plasma glucose levels from 
several patients to diagnose the presenee or absenee of 
diabetes mellitus. A patient with FPG values greater than 
or equal to 126 mg/dl in two FPG tests is diagnosed with 
diabetes. FPG values between 110 and 126 mg/dl indieate 
impairment or borderline impairment of insulin-mediated 
glucose uptake by eells. FPG values less than 110 mg/dl are 
eonsidered normal. 

f 'N 

EQUIPMENT USED The following equipment will be 
depieted on-sereen: deionized water—used to adjust the 
volume so that it is the same for eaeh reaetion; glucose 
standard; enzyme eolor reagent; barium hydroxide; hepa- 
rin; blood samples from five patients; test tubes—used as 
reaetion vessels for the various tests; test tube incubation 
unit—used to incubate, mix, and centrifuge the samples; 
speetrophotometer—used to measure the amount of light 
absorbed or transmitted by a pigmented solution. 

v_ _ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 4: Endoerine System Physiology. Click Aetivity 2: 
Plasma Glucose, Insulin, and Diabetes Mellitus, and take 
the online Pre-lab Quiz for Aetivity 2. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 
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Part 1: Developing a Glucose Standard Curve 

In this part of the aetivity, you will generate a glucose stand- 
ard curve so that you have points of referenee for eonverting 
optieal density readings into glucose readings (measured in 
milligrams/deeiliter, or mg/dl) in Part 2. 

To generate a glucose standard curve, you will prepare five 
test tubes that eontain known amounts of glucose (30 mg/dl, 
60 mg/dl, 90 mg/dl, 120 mg/dl, and 150 mg/dl) and use a 
speetrophotometer to determine the optieal density readings 
for eaeh of these glucose eoneentrations. 


1. Drag a test tube to the first holder (1) in the incubation 
unit. Four more test tubes will automatically be plaeed in the 
incubation unit. 

2. Drag the dropper eap of the glucose standard bottle to the 
first tube in the incubation unit to dispense one drop of glu- 
eose standard solution into the tube. The dropper will auto- 
matieally move aeross and dispense glucose standard to the 
remaining tubes. Note that eaeh tube reeeives one additional 
drop of glucose standard (tube 2 reeeives 2 drops, tube 3 
reeeives 3 drops, tube 4 reeeives 4 drops, and tube 5 reeeives 
5 drops). 

3. Drag the dropper eap of the deionized water bottle to 
the first tube in the incubation unit to dispense four drops of 
deionized water into the tube. The dropper will automatically 
move aeross and dispense deionized water to the remaining 
tubes. Note that eaeh tube reeeives one less drop of deionized 
water (tube 2 reeeives 3 drops, tube 3 reeeives 2 drops, tube 
4 reeeives 1 drop, and tube 5 does not reeeive any drops). 

4. Click Mix to mix the eontents of the tubes. 

5. Click Centrifuge to centrifuge the eontents of the tubes. 
After the centrifugation proeess, the tubes will automatically 
rise. 

6. Click Remove Pellet to remove any pellets formed dur- 
ing the centrifugation proeess. Pellets ean eontain reagent 
preeipitates and debris from the laboratory environment. 

7. Drag the dropper eap of the enzyme eolor reagent bottle 
to the first tube in the incubation unit to dispense five drops 
of enzyme eolor reagent into eaeh tube. 

8. Click Incubate to incubate the eontents of the tubes. 
The incubation unit will gently agitate the test tube raek, 
evenly mixing the eontents of all test tubes throughout the 
incubation. 

9. Click Set Up on the speetrophotometer to warm up the 
instrament and get it ready for your sample readings. 

10. Drag tube 1 to the speetrophotometer. 

11. Click Analyze to analyze the sample. A data point will 
appear on the monitor to show the optieal density and the 
glucose eoneentration of the sample. These values will also 
appear in the optieal density and glucose displays. 

12. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 2.1). The tube will automati- 
eally be plaeed in the test tube washer. 


CHART 2.1 


Glucose Standard Curve Results 


Tube 

Optieal density 

Glucose (mg/dl) 

1 



2 



3 



4 



5 
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13. You will now analyze the samples in the remaining 
tubes. 

• Drag the next tube into the speetrophotometer. 

• Click Analyze to analyze the sample. A data point will 
appear on the monitor to show the optieal density and the 
glucose eoneentration of the sample. These values will 
also appear in the optieal density and glucose displays. 

• Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 2.1). The tube will 
automatically be plaeed in the test tube washer. 

Repeat this step until you analyze all five tubes. 

14. Click Graph Glucose Standard to generate the glucose 
standard curve on the monitor. You will use this graph in Part 2. 


T PREDICT Question 1 

How would you measure the amount of plasma 
glucose in a patient sample? 


Part 2: Meastire Fasting Plasma Glucose Levels 

In this part of the aetivity, you will use the glucose standard 
curve you generated in Part 1 to measure the fasting plasma 
glucose levels from five patients to diagnose the presenee or 
absenee of diabetes mellitus. Note the addition of two reagent 
bottles (barium hydroxide and heparin) and blood samples 
from the five patients. To undergo the fasting plasma glucose 
(FPG) test, patients must fast for a minimum of 8 hours prior 
to the blood draw. 

A patient with FPG values greater than or equal to 
126 mg/dl in two FPG tests is diagnosed with diabetes. FPG 
values between 110 and 126 mg/dl indieate impairment or 
borderline impairment of insulin-mediated glucose uptake by 
eells. FPG values less than 110 mg/dl are eonsidered normal. 

15. Drag a test tube to the first holder (1) in the incubation 
unit. Four more test tubes will automatically be plaeed in the 
incubation unit. 

16. Drag the dropper eap of the first patient blood sample to 
the first tube in the incubation unit to dispense three drops of 
the sample. Three drops from eaeh sample will automatically 
be dispensed into a separate tube. 

17. Drag the dropper eap of the deionized water bottle to 
the first tube in the incubation unit to dispense five drops of 
deionized water into eaeh tube. 

18. Barium hydroxide dissolves and thus elears both pro- 
teins and eell membranes (so that elear glucose readings ean 
be obtained). Drag the dropper eap of the barium hydroxide 
bottle to the first tube in the incubation unit to dispense five 
drops of barium hydroxide into eaeh tube. 

19. Drag the dropper eap of the heparin bottle to the first 
tube in the incubation unit to dispense a drop of heparin into 
eaeh tube. Heparin prevents blood elots, which would inter- 
fere with elear glucose readings. 

20. Click Mix to mix the eontents of the tubes. 


21. Click Centrifuge to centrifuge the eontents of the tubes. 
After the centrifugation proeess, the tubes will automatically 
rise. 

22. Click Remove Pellet to remove any pellets formed dur- 
ing the centrifugation proeess. Pellets ean eontain reagent 
preeipitates and debris from the laboratory environment. 

23. Drag the dropper eap of the enzyme eolor reagent bottle 
to the first tube in the incubation unit to dispense five drops 
of enzyme eolor reagent into eaeh tube. 

24. Click Incubate to incubate the eontents of the tubes. 
The incubation unit will gently agitate the test tube raek, 
evenly mixing the eontents of all test tubes throughout the 
incubation. 

25. Click Set IJp on the speetrophotometer to warm up the 
instmment and get it ready for your sample readings. 

26. Click Graph Glucose Standard to display the glucose 
standard curve you generated in Part 1 on the monitor. 

27. Drag tube 1 to the speetrophotometer. 

28. Click Analyze to analyze the sample. A horizontal line 
will appear on the monitor to show the optieal density of the 
sample. The optieal density will also appear in the optieal 
density display. 

29. Drag the movable ruler (the vertieal red line on the right 
side of the monitor) to the interseetion of the horizontal yel- 
low line (the optieal density of the sample) and the glucose 
standard curve. Note the ehange in the glucose display as 
you move the line. The glucose eoneentration where the lines 
interseet is the fasting plasma glucose for this patient. Click 
Reeord Data to display your results in the grid (and reeord 
your results in Chart 2.2). The tube will automatically be 
plaeed in the test tube washer, and the monitor will be eleared 
(except for the glucose standard curve). 


CHART 2.2 

Fasting Plasma Glucose Results 

Sample 

Optieal density 

Glucose (mg/dl) 

1 



2 



3 



4 



5 




30. You will now analyze the samples in the remaining 
tubes. 

• Drag the next tube into the speetrophotometer. 

• Click Analyze to analyze the sample. A data point will 
appear on the monitor to show the optieal density and 
the glucose eoneentration of the sample. These values 
will also appear in the optieal density and glucose 
displays. 
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• Click Reeord Data to display your results in the grid. 
The tube will automatically be plaeed in the test tube 
washer (and reeord your results in Chart 2.2). 

Repeat this step until you analyze all five tubes. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 2. 

Aetivity Questions 

1. How would you know if your glucose standard curve 
was aberrant and thus inappropriate for patient diagnosties? 


2. What are potential sources of variability when generating 
a glucose standard curve? 


3. What reeommendations would you make to a patient 
with fasting plasma glucose levels in the impaired/borderline- 
impaired range who was in the impaired/borderline-impaired 
range for the oral glucose toleranee test? 


4. The amount of eorn syrup in the Ameriean diet has been 
deseribed as alarmingly high (espeeially in the foods that 
ehildren eat). In the context of this aetivity, prediet the likely 
trends in the fasting plasma glucose levels of our ehildren as 
they mature. 


A C T I V I T Y 3 


Hormone Replaeement Therapy 

OBJECTIVES 

1. To understand the terms hormone replaeement therapy, 
follicle-stimulating hormone (FSH), estrogen, ealeitonin, 
osteoporosis, ovarieetomized, and T seore. 

2. To understand how estrogen levels affeet bone density. 

3. To understand the potential benefits of hormone 
replaeement therapy. 


ntroduction 

Follicle-stimulating hormone (FSH) is an anterior pitui- 
tary peptide hormone that stimulates ovarian folliele growth. 
Developing ovarian follieles then produce and seerete a 


steroid hormone ealled estrogen into the plasma. Estrogen 
has numerous effeets on the female body and homeostasis, 
including the stimulation of bone growth and proteetion 
against osteoporosis (a reduction in the quantity of bone 
eharaeterized by deereased bone mass and inereased suscep- 
tibility to fractures). 

After menopause, the ovaries stop producing and seeret- 
ing estrogen. One of the effeets and potential health prob- 
lems of menopause is a loss of bone density that ean result 
in osteoporosis and bone fractures. For this reason, post- 
menopausal treatments to prevent osteoporosis often include 
hormone replaeement therapy. Estrogen ean be administered 
to inerease bone density. Calcitonin (seereted by C eells in 
the thyroid gland) is another peptide hormone that ean be 
administered to counteract the development of osteoporosis. 
Calcitonin inhibits osteoelast aetivity and stimulates calcium 
uptake and deposition in long bones. 

In this aetivity you will use three ovarieetomized rats 
that are no longer producing estrogen because their ovaries 
have been surgically removed. A T seore is a quantitative 
measurement of the mineral eontent of bone, used as an indi- 
eator of the structural strength of the bone and as a sereen for 
osteoporosis. The three rats were ehosen because eaeh has a 
baseline T seore of 2.61, indieating osteoporosis. T seores are 
interpreted as follows: normal = +1 to —0.99; osteopenia 
(bone thinning) = —1.0 to —2.49; osteoporosis = —2.5 and 
below. 

You will administer either estrogen therapy or ealeitonin 
therapy to these rats, representing two types of hormone 
replaeement therapy. The third rat will serve as an untreated 
eontrol and reeeive daily injeetions of saline. The verte- 
bral bone density (VBD) of eaeh rat will be measured with 
dual X-ray absorptiometry (DXA) to obtain its T seore after 
treatment. 


( N 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: three ovarieetomized rats 

(Note that if this were an actual wet lab, the ovarieetomies 

would have been performed on the rats a month before the 

experiment to ensure that no residual hormones remained 

in the rats’ systems.); saline; estrogen; ealeitonin; reus- 

able syringe—used to injeet the rats; anesthesia—used to 

immobilize the rats for the X-ray seanning; dual X-ray 

absorptiometry bone-density seanner (DXA)—used to 

measure vertebral bone density of the rats. 
v___ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and 
eliek Exercise 4: Endoerine System Physiology. Click 
Aetivity 3: Hormone Replaeement Therapy, and take the 
online Pre-lab Quiz for Aetivity 3. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown on the following page. 
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1. Drag the syringe to the bottle of saline to fill the syringe 
with 1 ml of saline. 

2. Drag the syringe to the eontrol rat, plaeing the tip of the 
needle in the rat’s lower abdominal area. injeetions into this 
area are eonsidered intraperitoneal and will quickly be circu- 
lated by the abdominal blood vessels. 

3. Click Clean beneath the syringe holder to elean the 
syringe of all residues. 

4. Drag the syringe to the bottle of estrogen to fill the 
syringe with 1 ml of estrogen. 

5. Drag the syringe to the estrogen-treated rat, plaeing the 
tip of the needle in the rat’ s lower abdominal area. 

6. Click Clean beneath the syringe holder to elean the 
syringe of all residues. 

7. Drag the syringe to the bottle of ealeitonin to fill the 
syringe with 1 ml of ealeitonin. 

8. Drag the syringe to the ealeitonin-treated rat, plaeing the 
tip of the needle in the rat’s lower abdominal area. 

9. Click Clean beneath the syringe holder to elean the 
syringe of all residues. 

10. Click the eloek faee to advanee one day (24 hours). 

11. Eaeh rat must reeeive seven injeetions over the course of 
seven days (one injeetion per day). The remaining injeetions 
will be automated. Click the eloek faee to repeat the series of 
injeetions until you have injeeted eaeh of the rats seven times. 


PREDICT Question 1 

What effeet will the saline injeetions have on the 
eontrol rat’s vertebral bone density? 


PREDIOT Question 2 

What effeet will the estrogen injeetions have 
on the estrogen-treated rat’s vertebral bone 
density? 


? PREDICT Question 3 

What effeet will the ealeitonin injeetions have 
on the ealeitonin-treated rat’s vertebral bone 
density? 


12. Click Anesthesia above the eontrol rat’s eage to immo- 
bilize the eontrol rat with a gaseous anesthetie for X-ray 
seanning. 

13. Drag the anesthetized rat to the exam table for X-ray 
seanning. 

14. Click Sean to aetivate the seanner. The T seore will 
appear in the T seore display. Click Reeord Data to reeord 
your results in the grid (and reeord your results in Chart 3). 
The eontrol rat will be automatically returned to its eage. 


CHART 3 

Hormone Replaeement Therapy 
Results 

Rat 

T seore 








15. You will now obtain the T seores for the remaining rats. 
Perform these steps to obtain the T seore for the estrogen- 
treated rat, then repeat these steps to obtain the T seore for 
the ealeitonin-treated rat. 

• Click Anesthesia above the rat’s eage to immobilize 
the rat with a gaseous anesthetie for X-ray seanning. 

• Drag the anesthetized rat to the exam table for X-ray 
seanning. 

• Click Sean to aetivate the seanner. The T seore will 
appear in the T seore display. 

• Click Reeord Data to reeord your results in the grid 
(and reeord your results in Chart 3). The rat will be 
automatically returned to its eage. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 3. 

Aetivity Questions 

1. Reeently, hormone replaeement therapy has been promi- 
nent in the popular press. Deseribe a hormone replaeement 
therapy that you have seen in the news, and highlight its ben- 
efits, its potential risks, the reasons to continue and the rea- 
sons to discontinue its use. 
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2. In hormone replaeement therapy, how is the hormone 
dose determined by the preseribing physieian? 


A C T I V I T Y 4 


Measuring Oortisol and 
Adrenoeortieotropee Hormone 

OBJECTIVES 

1. To understand the terms eortisol, adrenoeortieotropie 
hormone (ACTH), eortieotropin-releasing hormone 
(CRH), Cushing’s syndrome, iatrogenie, Cushing’s 
disease, and Addison’s disease. 

2. To understand how CRH eontrols ACTH seeretion and 
ACTH eontrols eortisol seeretion. 

3. To understand how negative feedbaek meehanisms 
influence the levels of tropie CRH and ACTH. 

4. To measure the blood levels of eortisol and ACTH in five 
patients and eorrelate these readings with symptoms 
and diagnoses. 

5. To distinguish between Cushing’s syndrome and 
Cushing’s disease. 


nvn Oortisol and ACTH Disorders 


Cortisol level 

ACTH level 

Cushing’s syndrome 
(primary hypereortisolism) 

High 

Low 

Iatrogenie Cushing’s syndrome 

High 

Low 

Cushing’s disease 
(seeondary hypereortisolism) 

High 

High 

Addison’s disease 
(primary adrenal insufficiency) 

Low 

High 

Seeondary adrenal insufficiency 
(hypopituitarism) 

Low 

Low 

r v 


EQUIPMENT USED The following equipment 
will be depieted on-sereen: plasma samples from five 
patients; HPLC (high-performanee liquid ehromatogra- 
phy) column—used to quantitatively measure the amount 
of eortisol and ACTH in the patient samples; HPLC detee- 
tor—provides the hormone eoneentration in the patient 
sample; reusable syringe—used to injeet the patient sam- 
ples into the HPLC injeetion port; HPLC injeetion port— 
used to injeet the patient samples into the HPLC column. 




lntroduction 

Cortisol, a hormone seereted by the adrenal cortex, is impor- 
tant in the body’s response to many kinds of stress. Corti- 
sol release is stimulated by adrenoeortieotropie hormone 
(ACTH), a tropie hormone released by the anterior pituitary. 
A tropie hormone stimulates the seeretion of another hor- 
mone. ACTH release, in turn, is stimulated by eortieotropin- 
releasing hormone (CRH), a tropie hormone from the hypo- 
thalamus. inereased levels of eortisol negatively feed baek to 
inhibit the release of both ACTH and CRH. 

inereased eortisol in the blood, or hypereortisolism, is 
referred to as Cushing’s syndrome if the inerease is caused 
by an adrenal gland tumor. Cushing’s syndrome ean also be 
iatrogenie (that is, physieian induced). For example, physieian- 
induced Cushing’s syndrome ean occur when glucocorticoid 
hormones, such as prednisone, are administered to treat rheu- 
matoid arthritis, asthma, or lupus. Cushing’s syndrome is often 
referred to as “steroid diabetes” because it results in hyper- 
glyeemia. In eontrast, Cushing’s disease is hypereortisolism 
caused by an anterior pituitary tumor. People with Cushing’s 
disease exhibit inereased levels of ACTH and eortisol. 

Deereased eortisol in the blood, or hypoeortisolism, ean 
occur because of adrenal insufficiency. In primary adrenal 
insufficiency, also known as Addison’s disease, the low eor- 
tisol is direetly caused by gradual destmetion of the adrenal 
cortex and ACTH levels are typieally elevated as a eompen- 
satory effeet. Seeondary adrenal insufficiency also results in 
low levels of eortisol, usually caused by damage to the ante- 
rior pituitary. Therefore, the levels of ACTH are also low in 
seeondary adrenal insufficiency. 

As you ean see, a variety of endoerine disorders ean be 
related to both high and low levels of eortisol and ACTH. 
Table 4.1 summarizes these endoerine disorders. 


Experiment instmetions 

Go to the home page in the PhysioEx software and 
eliek Exercise 4: Endoerine System Physiology. Click 
Aetivity 4: Measuring Cortisol and Adrenoeortieotropie 
Hormone, and take the online Pre-lab Quiz for Aetivity 4. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 
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1 . Click Cortisol to prepare the column for the separation 
and measurement of eortisol. 

2. Drag the syringe to the first tube to fill the syringe with 
plasma isolated from the first patient. 
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3. Drag the syringe to the HPLC injeetor. The sample will 
enter the tubing and flow through the column. The eortisol 
eoneentration in the patient sample will appear in the HPLC 
deteetor display. 

4. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). 


CHART 4 


Measiirement of Cortisol 


Patient 

Cortisol 

(meg/dl) 

Cortisol 

level 

ACTH 

(pg/ml) 

ACTH 

level 

1 





2 





3 





4 





5 






5. Click Clean beneath the syringe to prepare it for the next 
sample. Click Clean Column to remove residual eortisol 
from the column. 

6. Drag the syringe to the seeond tube to fill the syringe 
with plasma isolated from the seeond patient. 

7. Drag the syringe to the HPLC injeetor. The sample will 
enter the tubing and flow through the column. The eortisol 
eoneentration in the patient sample will appear in the HPLC 
deteetor display. 

8. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). 

9. Click Clean beneath the syringe to prepare it for the next 
sample. Click Clean Column to remove residual eortisol 
from the column. 

10. The procedure for the remaining samples will be 
eompleted automatically. Drag the syringe to the third 
tube to fill the syringe with plasma isolated from the third 
patient. When the eortisol eoneentration for the third patient 
is reeorded in the grid, drag the syringe to the fourth tube to 
fill the syringe with plasma isolated from the fourth patient. 
When the eortisol eoneentration for the fourth patient is 
reeorded in the grid, drag the syringe to the fifth tube to fill 
the syringe with plasma isolated from the fifth patient. 

11 . Click ACTH to prepare the column for ACTH separation 
and measurement. 

12. Drag the syringe to the first tube to fill the syringe with 
plasma isolated from the first patient. 

13. Drag the syringe to the HPLC injeetor. The sample will 
enter the tubing and flow through the column. The ACTH 
eoneentration in the patient sample will appear in the HPLC 
deteetor display. 

14. Click Reeord Data to display your results in the grid. 


15. Click Clean beneath the syringe to prepare it for the 
next sample. Click Clean Column to remove residual ACTH 
from the column. 

16. Drag the syringe to the seeond tube to fill the syringe 
with plasma isolated from the seeond patient. 

17. Drag the syringe to the HPLC injeetor. The sample will 
enter the tubing and flow through the column. The ACTH 
eoneentration in the patient sample will appear in the HPLC 
deteetor display. 

18. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). 

19. Click Clean beneath the syringe to prepare it for the 
next sample. Click Clean Column to remove residual ACTH 
from the column. 

20. The procedure for the remaining samples will be eom- 
pleted automatically. Drag the syringe to the third tube to fill 
the syringe with plasma isolated from the third patient. When 
the ACTH eoneentration for the third patient is reeorded 
in the grid, drag the syringe to the fourth tube to fill the 
syringe with plasma isolated from the fourth patient. When 
the ACTH eoneentration for the fourth patient is reeorded in 
the grid, drag the syringe to the fifth tube to fill the syringe 
with plasma isolated from the fifth patient. 

21. indieate whether the eortisol and ACTH eoneentrations 
(levels) for eaeh patient are high or low using the breakpoints 
shown in Table 4.2. Click the row of the patient and then 
eliek High or Low next to eortisol and ACTH. 


TABLE 4.2 

Abnormal Morning Oortisol 
and ACTH Levels 

ACTH level 

High 

Low 

Cortisol 

>23 meg/dl 

<5 meg/dl 

ACTH 

>80 pg/ml 

<20 pg/ml 

Note: 1 meg = 1 jug = 

1 mierogram 



After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 4. 

Aetivity Questions 

1. Discuss the benefits and drawbacks of giving glucocorti- 
eoids to young ehildren that have signifieant allergy-induced 
asthma. 


2. Explain the differenee between Cushing’s syndrome and 
Cushing’s disease. 
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V I E W S H 



NAME _ 

LAB TIME/DATE 




AOTIVITY 1 


Metabolism and Thyroid Hormone 


Part 1 

1. Which rat had the fastest basal metabolie rate (BMR)? 


2. Why did the metabolie rates differ between the normal rat and the surgically altered rats? How well did the results eompare 


with your predietion? 


3. If an animal has been thyroideetomized, what hormone(s) would be missing in its blood? 


4. If an animal has been hypophyseetomized, what effeet would you expect to see in the hormone levels in its body? 


Part2 

5. What was the effeet of thyroxine injeetions on the normal rat’s BMR? 


6. What was the effeet of thyroxine injeetions on the thyroideetomized rat’s BMR? How does the BMR in this ease eompare 


with the normal rat’s BMR? Was the dose of thyroxine in the syringe too large, too small, or just right? 
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7. What was the effeet of thyroxine injeetions on the hypophyseetomized rat’s BMR? How does the BMR in this ease eompare 


with the normal rat’s BMR? Was the dose of thyroxine in the syringe too large, too small, or just right? 


Part3 


8. What was the effeet of thyroid-stimulating hormone (TSH) injeetions on the normal rat’s BMR? 


9. What was the effeet of TSH injeetions on the thyroideetomized rat’s BMR? How does the BMR in this ease eompare with 
the normal rat’s BMR? Why was this effeet observed?_ 


10. What was the effeet of TSH injeetions on the hypophyseetomized rat’s BMR? How does the BMR in this ease eompare with 
the normal rat’s BMR? Was the dose of TSH in the syringe too large, too small, or just right?_ 


Part4 

11. What was the effeet of propylthiouracil (PTU) injeetions on the normal rat’ s BMR? Why did this rat develop a palpable goiter? 


12. What was the effeet of PTU injeetions on the thyroideetomized rat’s BMR? How does the BMR in this ease eompare with 
the normal rat’s BMR? Why was this effeet observed?_ 


13. What was the effeet of PTU injeetions on the hypophyseetomized rat’s BMR? How does the BMR in this ease eompare with 
the normal rat’s BMR? Why was this effeet observed?_ 
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A C T I V I T Y 2 


Plasma Glucose, lnsulin, and Diabetes Mellitus 



What is a glucose standard curve, and why did you need to obtain one for this experiment? Did you eorreetly prediet how 
you would measure the amount of plasma glucose in a patient sample using the glucose standard curve?_ 



Which patient(s) had glucose reading(s) in the diabetie range? Can you say with eertainty whether eaeh of these patients has 
type 1 or type 2 diabetes? Why or why not?_ 


3. Deseribe the diagnosis for patient 3, who was also pregnant at the time of this assay. 


4. Which patient(s) had normal glucose reading(s)? 



What are some lifestyle ehoiees these patients with normal plasma glucose readings might reeommend to the borderline 
impaired patients?_ 


AOTIVITY 3 


Hormone Replaeement Therapy 



Why were ovarieetomized rats used in this experiment? How does the faet that the rats are ovarieetomized explain their 
baseline T seores? 



What effeet did the administration of saline injeetions have on the eontrol rat? How well did the results eompare with your 
predietion?_ 
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3. What effeet did the administration of estrogen injeetions have on the estrogen-treated rat? How well did the results eompare 
with your predietion? _ 


4. What effeet did the administration of ealeitonin injeetions have on the ealeitonin-treated rat? How well did the results eom- 
pare with your predietion?_ 


5. What are some health risks that postmenopausal women must eonsider when eontemplating estrogen hormone replaeement 
therapy?_ 



Measiiring Gortìsol and Adrenoeortieotropie Hormone 


1. Which patient would most likely be diagnosed with Cushing’s disease? Why? 


2. Which two patients have hormone levels eharaeteristie of Cushing’s syndrome? 


3. Patient 2 is being treated for rheumatoid arthritis with prednisone. How does this information ehange the diagnosis? 


4. Which patient would most likely be diagnosed with Addison’s disease? Why? 
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Cardiovascular Dynamies 

PRE-LAB Q U I Z 

1. Circle the eorreet underlined term: Flow rate in a pipe is direetlv / 
inverselv proportional to the pipe’s resistanee. 

2. Total blood flow is proportional to eardiae output, the: 

a. amount of blood the heart pumps per minute 

b. amount of blood the heart pumps in a day 

e. amount of blood moving through the entire body area in a set time 

d. amount of blood added to the flow rate 

3. Circle True or False: The longer the blood vessel length, the greater the 
resistanee. 

4. Blood vessel radius is eontrolled by: 

a. skeletal muscle eontraetion outside the vessel walls 

b. smooth muscle eontraetion or relaxation within the blood vessels 

e. skeletal muscle relaxation outside of the blood vessels 

d. pereentage of red blood eells as eompared to blood volume 

5. Circle the eorreet underlined term: The more viscous a fluid, the 
more / less resistanee it has to flow. 

6. The volume remaining in the ventrieles at the end of diastole, 

immediately before eardiae eontraetion, is ealled_. 

a. stroke volume 

b. end systolie volume 

e. residual eardiae volume 

d. end diastolie volume 

7. Circle the eorreet underlined term: Svstole / Diastole occurs as the 
heart ehambers relax and fill with blood. 

8. In the human body, the heart beats about_strokes per minute. 

9. The degree to which the ventrieles are stretehed by the end diastolie 

volume is known as_. 

10. A eondition that ean lead to heart disease,_, is a 

result of plaque buildup in the arteries. 

a. hypotension 

b. siekle eell anemia 

e. atheroselerosis 
d. polyeythemia 


Exercise Overview 

The cardiovascular system is eomposed of a pump—the heart—and blood ves- 
sels that distribute blood eontaining oxygen and nutrients to every eell of the 
body. The prineiples governing blood flow are the same physieal laws that apply 
to the flow of liquid through a system of pipes. For example, one very basie 
law in fluid meehanies is that the flow rate of a liquid through a pipe is direetly 
proportional to the differenee between the pressures at the two ends of the pipe 
(the pressure gradient) and inversely proportional to the pipe’s resistanee (a 
measure of the degree to which the pipe hinders, or resists, the flow of the liquid). 

Flow = pressure gradient/resistanee = A P/R 

This basie law also applies to blood flow. The U liquid” is blood, and the 
“pipes” are blood vessels. The pressure gradient is the differenee between the 
pressure in arteries and the pressure in veins that results when blood is pumped 
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into arteries. Blood flow rate is direetly proportional to the 
pressure gradient and inversely proportional to resistanee. 

Blood flow is the amount of blood moving through 
a body area or the entire cardiovascular system in a given 
amount of time. Total blood flow is proportional to eardiae 
output (the amount of blood the heart is able to pump per 
minute). Blood flow to speeifie body areas ean vary dramati- 
eally in a given time period. Organs differ in their require- 
ments from moment to moment, and blood vessels have 
different-sized diameters in their lumen (opening) to regulate 
loeal blood flow to various areas in response to the tissues’ 
immediate needs. Consequently, blood flow ean inerease to 
some areas and deerease to other areas at the same time. 

Resistanee is a measure of the degree to which the blood 
vessel hinders, or resists, the flow of blood. The main faetors 
that affeet resistanee are (1) blood vessel radius, (2) blood 
vessel length, and (3) blood viseosity. 

Radius 

The smaller the blood vessel radius, the greater the resistanee, 
because of frietional drag between the blood and the vessel 
walls. Contraction of smooth muscle of the blood vessel, or 
vasoeonstrietion, results in a deerease in the blood vessel 
radius. Lipid deposits ean also cause the radius of an artery to 
deerease, preventing blood from reaehing the eoronary tissue, 
which frequently leads to a heart attaek. Alternately, relaxa- 
tion of smooth muscle of the blood vessel, or vasodilation, 
causes an inerease in the blood vessel radius. Blood vessel 
radius is the single most important faetor in determining 
blood flow resistanee. 

Length 

The longer the vessel length, the greater the resistanee— 
again, because of frietion between the blood and vessel walls. 
The length of a person’s blood vessels ehange only as a per- 
son grows. Otherwise, the length generally remains eonstant. 

Viseosity 

Viseosity is blood “thiekness,” determined primarily by 
hematoerit —the fraetional contribution of red blood eells to 
total blood volume. The higher the hematoerit, the greater the 
viseosity. Under most physiologieal eonditions, hematoerit 
does not vary much and blood viseosity remains more or less 
eonstant. 

The Effeet of Blood Pressure and 
Vessel Resistanee on Blood Flow 

Blood flow is direetly proportional to blood pressure because 
the pressure differenee (A P) between the two ends of a vessel 
is the driving foree for blood flow. Peripheral resistanee is 
the frietion that opposes blood flow through a blood vessel. 
This relationship is represented in the following equation: 

/ \ A P 

Blood í'l ow (ml/min) =- 

peripheral resistanee 

Three faetors that contribute to peripheral resistanee are 
blood viseosity (t|), blood vessel length (L), and the radius of 


the blood vessel (r). These relationships are expressed in the 
following equation: 


8Lr/ 

Peripheral resistanee = —t- 

77 r 

From this equation you ean see that the viseosity of 
the blood and the length of the blood vessel are direetly 
proportional to peripheral resistanee. The peripheral resis- 
tanee is inversely proportional to the fourth power of the 
vessel radius. If you eombine the two equations, you get the 
following result: 


Blood flow (ml/min) 


APtt/ 

8Lrj 


From this eombination you ean see that blood flow is 
direetly proportional to the fourth power of vessel radius, 
which means that small ehanges in vessel radius result in dra- 
matie ehanges in blood flow. 


A C T I V I T Y 1 


Stiidying the Effeet of Blood Vessel 
Radius on Blood Flow Rate 

OBJECTIVES 

1. To understand how blood vessel radius affeets blood 
flow rate. 

2. To understand how vessel radius is ehanged in the 
body. 

3. To understand how to interpret a graph of blood vessel 
radius versus blood flow rate. 


lntroduction 

Controlling blood vessel radius (one-half of the diameter) is 
the prineipal method of eontrolling blood flow. Controlling 
blood vessel radius is aeeomplished by eontraeting or relax- 
ing the smooth muscle within the blood vessel walls (vaso- 
eonstrietion or vasodilation). 

To understand why radius has such a pronounced effeet 
on blood flow, eonsider the physieal relationship between 
blood and the vessel wall. Blood in direet eontaet with the ves- 
sel wall flows relatively slowly because of the frietion, or drag, 
between the blood and the lining of the vessel. In eontrast, 
blood in the eenter of the vessel flows more freely because it 
is not mbbing against the vessel wall. The free-flowing blood 
in the middle of the vessel is ealled the laminar flow. Now 
picture a fully eonstrieted (small-radius) vessel and a fully 
dilated (large-radius) vessel. In the fully eonstrieted vessel, 
proportionately more blood is in eontaet with the vessel wall 
and there is less laminar flow, signifieantly impeding the rate 
of blood flow in the fully eonstrieted vessel relative to that in 
the fully dilated vessel. 

In this aetivity you will study the effeet of blood ves- 
sel radius on blood flow. The experiment includes two glass 
beakers and a tube eonneeting them. Imagine that the left 
beaker is your heart, the tube is an artery, and the right beaker 
is a destination in your body, such as another organ. 
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EQUIPMENT USED The following equipment 

will be depieted on-sereen: left beaker—simulates blood 

flowing from the heart; flow tube between the left and 

right beaker—simulates an artery; right beaker—simulates 

another organ (for example, the bieeps braehii muscle). 

V_____7 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 5: Cardiovascular Dynamies. Click Aetivity 1: 
Studying the Effeet of Blood Vessel Radius on Blood Flow 
Rate, and take the online Pre-lab Quiz for Aetivity 1. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 
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1. So that you ean study the effeet of blood vessel radius 
on blood flow rate, the pressure, viseosity, and length will be 
maintained at the following eonditions: 

Pressure: 100 mm Hg 

Viseosity: 1.0 

Length: 50 mm 

inerease the flow tube radius to 1.5 mm by elieking the 
+ button beside the radius display. 

2. Click Start and then watch the fluid move into the right 
beaker. (Fluid moves slowly under some eonditions—be 
patient!) Pressure propels fluid from the left beaker to the right 
beaker through the flow tube. The flow rate is shown in the 
flow rate display after the left beaker has finished draining. 

3. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 1). 

4. Click Refill to replenish the left beaker. 


; PREDIOT Question 1 

What do you think will happen to the flow rate if 
the radius is inereased by 0.5 mm? 


C HART 1 

Effeet of Blood Vessel Radius 
on Blood Flow Rate 

Flow (ml/min) 

Radius (mm) 


















5. inerease the flow tube radius to 2.0 mm by elieking the 
+ button beside the radius display. Click Start and watch the 
fluid move into the right beaker. 

6. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 1). 

7. Click Refill to replenish the left beaker. 

8. You will now observe the effeet of ineremental inereases 
in flow tube radius. 

• inerease the flow tube radius by 0.5 mm. 

• Click Start and then watch the fluid move into the right 
beaker. 

• Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 1). 

• Click Refill to replenish the left beaker. 

Repeat this step until you reaeh a flow tube radius of 5.0 mm. 


PREDICT Question 2 

Do you think a graph plotted with radius on the 
X-axis and flow rate on the Y-axis will be linear 
(a straight line)? 


9. Click Plot Data to view a summary of your data on a 
plotted grid. Radius will be displayed on the X-axis and flow 
rate will be displayed on the Y-axis. Click Submit to reeord 
your plot in the lab report. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 1. 

Aetivity Questions 

1. Deseribe the relationship between vessel radius and 
blood flow rate. 

































































PEx-78 


Exercise 5 


2. In this aetivity you altered the radius of the flow tube 
by elieking the + and - buttons. Explain how and why the 
radius of blood vessels is altered in the human body. 


3. Deseribe the appearanee of your plot of blood vessel ra- 
dius versus blood flow rate and relate the plot to the relation- 
ship between these two variables. 


4. Deseribe an advantage of slower blood veloeity in some 
areas of the body, for example, in the eapillaries of our fingers. 


A C T I V I T Y 2 


Studying the Effeet of Blood Viseosity 
on Blood Flow Rate 


polyeythemia is a eondition in which excess red blood eells 
are present, and eertain types of anemia result in fewer red 
blood eells. inereasing the number of red blood eells inereases 
blood viseosity, and deereasing the number of red blood eells 
deereases blood viseosity. 

In this aetivity you will examine the effeets of blood 
viseosity on blood flow rate. The experiment includes two 
glass beakers and a tube eonneeting them. Imagine that the 
left beaker is your heart, the tube is an artery, and the right 
beaker is a destination in your body, such as another organ. 

í 'N 

EQUIPMENT USED The following equipment 
will be depieted on-sereen: left beaker—simulates blood 
flowing from the heart; flow tube between the left and 
right beaker—simulates an artery; right beaker—simulates 
another organ (for example, the bieeps braehii muscle). 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 5: Cardiovascular Dynamies. Click Aetivity 2: 
Studying the Effeet of Blood Viseosity on Blood Flow 
Rate, and take the online Pre-lab Quiz for Aetivity 2. 

After you take the online Pre-lab Quiz, eliek the Experi- 
ment tab and begin the experiment. The experiment instme- 
tions are reprinted here for your referenee. The opening 
sereen for the experiment is shown below. 


OB JEGTIVES 

1. To understand how blood viseosity affeets blood 
flow rate. 

2. To list the eomponents in the blood that contribute to 
blood viseosity. 

3. To explain eonditions that might lead to viseosity 
ehanges in the blood. 

4. To understand how to interpret a graph of viseosity 
versus blood flow. 


lntroduction 

Viseosity is the thiekness, or “stiekiness,” of a fluid. The 
more viscous a fluid, the more resistanee to flow. Therefore, 
the flow rate will be slower for a more viscous solution. For 
example, eonsider how much more slowly maple syrnp pours 
out of a eontainer than milk does. 

The viseosity of blood is due to the presenee of plasma 
proteins and formed elements, which include white blood 
eells (leukocytes), red blood eells (erythroeytes), and plate- 
lets (thromboeytes). Formed elements and plasma proteins in 
the blood slide past one another, inereasing the resistanee to 
flow. With a viseosity of 3-5, blood is much more viscous 
than water (usually given a viseosity value of 1). 

A body in homeostatie balanee has a relatively stable 
blood eonsisteney. Nevertheless, it is useful to examine the 
effeets of blood viseosity on blood flow to prediet what might 
occur in the human cardiovascular system when homeostatie 
imbalanees occur. Faetors such as dehydration and altered 
blood eell numbers do alter blood viseosity. For example, 
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1. So that you ean study the effeet of blood viseosity on 
blood flow rate, the pressure, radius, and length will be main- 
tained at the following eonditions: 


Pressure: 100 mm Hg 
Radius: 5.0 mm 


Fength: 50 mm 

Note that the viseosity is set to 1.0. Click Start and then 
watch the fluid move into the right beaker. Pressure propels 
fluid from the left beaker to the right beaker through the flow 
tube. The flow rate is shown in the flow rate display after the 
left beaker has finished draining. 


2. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 2). 
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CHART 2 

Effeet of Blood Viseosity on 

Blood Flow Rate 

Flow (ml/min) 

Viseosity 


















3. Click Refill to replenish the left beaker. 


v; PREDICT Question 1 

What effeet do you think inereasing the viseosity 
will have on the fluid flow rate? 


4. inerease the fluid viseosity to 2.0 by elieking the + but- 
ton beside the viseosity display. Click Start and then watch 
the fluid move into the right beaker. 

5. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 2). 

6. Click Refill to replenish the left beaker. 

7. You will now observe the effeet of ineremental inereases 
in viseosity. 

• inerease the viseosity by 1.0. 

• Click Start and then watch the fluid move into the right 
beaker. 

• Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 2). 

• Click Refill to replenish the left beaker. 

Repeat this step until you reaeh a viseosity of 8.0. 

8. Click Plot Data to view a summary of your data on a 
plotted grid. Viseosity will be displayed on the X-axis and 
flow rate will be displayed on the Y-axis. Click Submit to 
reeord your plot in the lab report. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 2. 

Aetivity Questions 

1. Deseribe the effeet on blood flow rate when blood vis- 
eosity was inereased. 


2. Explain why the relationship between viseosity and 
blood flow rate is inversely proportional. 


3. What might happen to blood flow if you inereased the 
number of blood eells? 



A C T I V I T Y 3 


Studying the Effeet of Blood Vessel 
Length on Blood Flow Rate 

OBJECTIVES 

1. To understand how blood vessel length affeets blood 
flow rate. 

2. To explain eonditions that ean lead to blood vessel 
length ehanges in the body. 

3. To eompare the effeet of blood vessel length ehanges with 
the effeet of blood vessel radius ehanges on blood flow rate. 


lntroduction 

Blood vessel lengths inerease as we grow to maturity. The 
longer the vessel, the greater the resistanee to blood flow 
through the blood vessel because there is a larger surface area 
in eontaet with the blood eells. Therefore, when blood vessel 
length inereases, frietion inereases. Our blood vessel lengths 
stay fairly eonstant in adulthood, unless we gain or lose 
weight. If we gain weight, blood vessel lengths ean inerease, 
and if we lose weight, blood vessel lengths ean deerease. 

In this aetivity you will study the physieal relationship 
between blood vessel length and blood flow. Speeifieally, 
you will study how blood flow ehanges in blood vessels of 
eonstant radius but different lengths. The experiment includes 
two glass beakers and a tube eonneeting them. Imagine that 
the left beaker is your heart, the tube is an artery, and the right 
beaker is a destination in your body, such as another organ. 

( 'N 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: left beaker—simulates blood 

flowing from the heart; flow tube between the left and 

right beaker—simulates an artery; right beaker—simulates 

another organ (for example, the bieeps braehii muscle). 
v_____7 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 5: Cardiovascular Dynamies. Click Aetivity 3: 
Studying the Effeet of Blood Vessel Length on Blood Flow 
Rate, and take the online Pre-lab Quiz for Aetivity 3. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown on the following page. 
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1. So that you ean study the effeet of blood vessel length 
on blood flow rate, the pressure, radius, and viseosity will be 
maintained at the following eonditions: 

Pressure: 100 mm Hg 

Radius: 3.0 mm 

Viseosity: 3.5 

Note that the length is set to 10 mm. Click Start and then 
watch the fluid move into the right beaker. Pressure propels 
fluid from the left beaker to the right beaker through the flow 
tube. The flow rate is shown in the flow rate display after the 
left beaker has finished draining. 

2. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 3). 


4. inerease the flow tube length to 15 mm by elieking the + 
button beside the length display. Click Start and then watch 
the fluid move into the right beaker. 

5. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 3). 

6. Click Refill to replenish the left beaker. 

7. You will now observe the effeet of ineremental inereases 
in flow tube length. 

• inerease the flow tube length by 5 mm. 

• Click Start and then watch the fluid move into the right 
beaker. 

• Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 3). 

• Click Refill to replenish the left beaker. 

Repeat this step until you reaeh a flow tube length of 40 mm. 

8. Click Plot Data to view a summary of your data on a 
plotted grid. Length will be displayed on the X-axis and flow 
rate will be displayed on the Y-axis. Click Submit to reeord 
your plot in the lab report. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 3. 

Aetivity Questions 

1. Is the relationship between blood vessel length and blood 
flow rate direetly proportional or inversely proportional? Why? 


CHART 3 

Effeet of Blood Vessel Length 
on Blood Flow Rate 

Flow (ml/min) 

Flow Tube length (mm) 


















3. Click Refill to replenish the left beaker. 


PREDICT Question 1 

What effeet do you think inereasing the flow 
tube length will have on the fluid flow rate? 


2. Which of the following ean vary in size more quickly: 
blood vessel diameter or blood vessel length? 


3. Deseribe what happens to resistanee when blood vessel 
length inereases. 



A C T I V I T Y 4 


Studying the Effeet of Blood Pressure 
on Blood Flow Rate 

OBJECTIVES 

1. To understand how blood pressure affeets blood flow rate. 

2. To understand what structure produces blood pressure 
in the human body. 

3. To eompare the plot generated for pressure versus blood 
flow to those generated for radius, viseosity, and length. 
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ntroduction 

The pressure differenee between the two ends of a blood 
vessel is the driving foree behind blood flow. This pressure 
differenee is referred to as a pressure gradient. In the eardio- 
vascular system, the foree of eontraetion of the heart provides 
the initial pressure and vascular resistanee contributes to the 
pressure gradient. If the heart ehanges its foree of eontraetion, 
the blood vessels need to be able to respond to the ehange 
in foree. Large arteries elose to the heart have more elastie 
tissue in their tunics in order to aeeommodate these ehanges. 

In this aetivity you will look at the effeet of pressure 
ehanges on blood flow (reeall from the blood flow equation 
that a ehange in blood flow is direetly proportional to the 
pressure gradient). The experiment includes two glass beak- 
ers and a tube eonneeting them. Imagine that the left beaker 
is your heart, the tube is an artery, and the right beaker is a 
destination in your body, such as another organ. 

( 'N 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: left beaker—simulates blood 

flowing from the heart; flow tube between the left and 

right beaker—simulates an artery; right beaker—simulates 

another organ (for example, the bieeps braehii muscle). 
v_____ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 5: Cardiovascular Dynamies. Click Aetivity 4: 
Studying the Effeet of Blood Pressure on Blood Flow 
Rate, and take the online Pre-lab Quiz for Aetivity 4. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The opening 
sereen for the experiment is shown below. 
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pels fluid from the left beaker to the right beaker through the 
flow tube. The flow rate is shown in the flow rate display 
after the left beaker has finished draining. 

2. Click Reeord Data to reeord your results in the grid (and 
reeord your results in Chart 4). 


GHART 4 

Effeet of Blood Pressure 
on Blood Flow Rate 

Flow (ml/min) 

Pressure (mm Hg) 


















3. Click Refill to replenish the left beaker. 


PREDICT Question 1 

What effeet do you think inereasing the pressure 
will have on the fluid flow rate? 


4. inerease the pressure to 50 mm Hg by elieking the + but- 
ton beside the pressure display. Click Start and then watch 
the fluid move into the right beaker. 

5. Click Reeord Data to reeord your results in the grid (and 
reeord your results in Chart 4). 

6. Click Refill to replenish the left beaker. 

7. You will now observe the effeet of ineremental inereases 
in pressure. 

• inerease the pressure by 25 mm Hg. 

• Click Start and then watch the fluid move into the right 
beaker. 

• Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). 

• Click Refill to replenish the left beaker. 


1. So that you ean study the effeet of pressure on blood 
flow rate, the radius, viseosity, and length will be maintained 
at the following eonditions: 

Radius: 5.0 mm 

Viseosity: 3.5 

Length: 50 mm 

Note that the pressure is set to 25 mm Hg. Click Start and 
then watch the fluid move into the right beaker. Pressure pro- 


Repeat this step until you reaeh a pressure of 200 mm Hg. 


PREDICT Question 2 

Do you think a graph plotted with pressure on 
the X-axis and flow rate on the Y-axis will be 
linear (a straight line)? 
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8. Click Plot Data to view a summary of your data on a 
plotted grid. Pressure will be displayed on the X-axis and 
flow rate will be displayed on the Y-axis. Click Submit to 
reeord your plot in the lab report. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 4. 

Aetivity Questions 

1. How does inereasing the driving pressure affeet the 
blood flow rate? 


2. Is the relationship between blood pressure and blood flow 
rate direetly proportional or inversely proportional? Why? 


3. How does the cardiovascular system inerease pressure? 


4. Although ehanging blood pressure ean be used to alter 
the blood flow rate, this approaeh causes problems if it eon- 
tinues indefinitely. Explain why. 


A C T I V I T Y 5 


Studying the Effeet of Blood Vessel 
Rad us on Pump Aetivity 

OB JEOTIVES 

1. To understand the terms systole and diastole. 

2. To prediet how a ehange in blood vessel radius will 
affeet flow rate. 

3. To prediet how a ehange in blood vessel radius will 
affeet heart rate. 

4. To observe the eompensatory meehanisms for 
maintaining blood pressure. 

lntroduction 

In the human body, the heart beats approximately 70 strokes 
eaeh minute. Eaeh heartbeat eonsists of a filling interval, 
when blood moves into the ehambers of the heart, and an 
ejeetion period, when blood is aetively pumped into the aorta 
and the pulmonary trnnk. 

The pumping aetivity of the heart ean be deseribed in 
terms of the phases of the eardiae eyele. Heart ehambers fill 


during diastole (relaxation of the heart) and pump blood out 
during systole (eontraetion of the heart). As you ean imag- 
ine, the length of time the heart is relaxed is one faetor that 
determines the amount of blood within the heart at the end 
of the filling interval. Up to a point, inereasing ventricular 
filling time results in a eorresponding inerease in ventricular 
volume. The volume in the ventrieles at the end of diastole, 
just before eardiae eontraetion, is ealled the end diastolie 
volume, or EDV. The volume ejeeted by a single ventricular 
eontraetion is the stroke volrnne, and the volume remaining 
in the ventriele after eontraetion is the end systolie volume, 
or ESV. 

The human heart is a complex, four-chambered organ 
eonsisting of two individual pumps (the right and left sides). 
The right side of the heart pumps blood through the lungs 
into the left side of the heart. The left side of the heart, in turn, 
delivers blood to the systems of the body. Blood then returns 
to the right side of the heart to eomplete the circuit. 

Reeall that eardiae output (CO) is equal to blood flow. 
To determine CO, you multiply heart rate (HR) by stroke 
volume (SV): CO = HR X SV. From the equation for flow 
(flow = A P/R), you ean determine the equation for blood 
pressure: A P = flow X R. Substituting CO in the equation 
for flow, you get: A P = HR X SV X R. 

Therefore, to maintain blood pressure, the cardiovascu- 
lar system ean alter heart rate, stroke volume, or resistanee. 
For example, if resistanee deereases, heart rate ean inerease 
to maintain the pressure differenee. 

In this aetivity you will explore the operation of a sim- 
ple, one-ehambered pump and apply the physieal eoneepts in 
the experiment to the operation of either of the two pumps 
of the human heart. The stroke volume and the differenee 
in pressure will remain eonstant. You will explore the effeet 
that a ehange in resistanee has on heart rate and the eom- 
pensatory meehanisms that the cardiovascular system uses to 
maintain blood pressure. 

r x 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: left beaker—simulates blood 

eoming from the lungs; flow tube eonneeting the left 

beaker and the pump—simulates the pulmonary veins; 

pump—simulates the left ventriele (the valve to the left 

of the pump simulates the bicuspid valve, and the valve 

to the right of the pump simulates the aortie semilunar 

valve); flow tube eonneeting the pump and the right 

beaker—simulates the aorta; right beaker—simulates 

blood going to the systemie circuit. 
v___ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 

Exercise 5: Cardiovascular Dynamies. Click Aetivity 5: 
Compensation: Studying the Effeet of Blood Vessel Radius 
on Pump Aetivity and take the online Pre-lab Quiz for 
Aetivity 5. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown on the following page. 
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1. So that you ean study the effeet of vessel radius on pump 
aetivity, the other variables in this experiment will be main- 
tained at the following eonditions: 

Left beaker pressure: 40 mm Hg 

Pump pressure: 120 mm Hg 

Right beaker pressure: 80 mm Hg 

Starting pump volume (EDV): 120 ml 

Ending pump volume (ESV): 50 ml 

Note that the left flow tube radius is set to 3.5 mm and the 
right flow tube radius is set to 3.0 mm. Click Single to initiate 
a single stroke and then watch the pump aetion. 

2. Click Auto Pump to initiate 10 strokes and then watch 
the pump aetion. The flow rate is shown in the flow rate dis- 
play and the pump rate is shown in the pump rate display 
after the left beaker has finished draining. 

3. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 5). 


PREDICT Question 1 

If you inerease the flow tube radius, what will 
happen to the pump rate to maintain eonstant 
pressure? 


5. inerease the right flow tube radius to 3.5 mm by elieking 
the + button beside the right flow tube radius display. Click 
Auto Pump to initiate 10 strokes and then watch the pump 
aetion. 

6. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 5). 

7. Click Refill to replenish the left beaker. 

8. You will now observe the effeet of ineremental inereases 
in the right flow tube radius. 

• inerease the right flow tube radius by 0.5 mm. 

• Click Auto Pump to initiate 10 strokes and then watch 
the pump aetion. 

• Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 5). 

• Click Refill to replenish the left beaker. 

Repeat this step until you reaeh a right flow tube radius 

of 5.0 mm. 

9. Click Plot Data to view a summary of your data on a 
plotted grid. Right flow tube radius will be displayed on the 
X-axis and flow rate will be displayed on the Y-axis. Click 
Submit to reeord your plot in the lab report. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 5. 

Aetivity Questions 

1. Deseribe the position of the pump during diastole. 


CHART 5 


Effeet of Blood Vessel Radius 
on Pump Aetivity 


Flow rate 
(ml/min) 

Right radius 
(mm) 

Pump rate 
(strokes/min) 

















2. Deseribe the position of the pump during systole. 


3. Deseribe what happened to the flow rate when the blood 
vessel radius was inereased. 


4. Click Refill to replenish the left beaker. 


4. Explain what happened to the resistanee and the pump 
rate to maintain pressure when the radius was inereased. 
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AGTIVITY 6 


Studying the Effeet of Stroke Volume 
on Pump Aetivity 

OBJECTIVES 

1. To understand the effeet a ehange in venous return has 
on stroke volume. 

2. To explain how stroke volume is ehanged in the heart. 

3. To explain the Frank-Starling law of the heart. 

4. To define preload, eontraetility, and afterload. 

5. To distinguish between intrinsie and extrinsic eontrol of 
eontraetility of the heart. 

6. To explore how heart rate and stroke volume contribute 
to eardiae output and blood flow. 


lntroduction 

In a normal individual, 60% of the blood eontained within 
the heart is ejeeted from the heart during ventricular systole, 
leaving 40% of the blood behind. The blood ejeeted by the 
heart—the stroke volume —is the differenee between the end 
diastolie volume (EDV), the volume in the ventrieles at the 
end of diastole, just before eardiae eontraetion, and end systolie 
volmne (ESV), the volume remaining in the ventriele after 
eontraetion. That is, stroke volume = EDV - ESV. Many 
faetors affeet stroke volume, the most important of which 
include preload, eontraetility, and afterload. We will look at 
these defining faetors and how they relate to stroke volume. 

The Frank-Starling law of the heart states that, when 
more than the normal volrnne of blood is returned to the heart 
by the venous system, the heart muscle will be stretehed, 
resulting in a more forceful eontraetion of the ventrieles. This, 
in turn, will cause more than normal blood to be ejeeted by 
the heart, raising the stroke volume. The degree to which the 
ventrieles are stretehed by the end diastolie volume (EDV) 
is referred to as the preload. Thus, the preload results from 
the amount of ventricular filling between strokes, or the mag- 
nitude of the EDV. Ventricular filling could inerease when 
the heart rate is slow because there will be more time for the 
ventrieles to fill. Exercise inereases venous return and, there- 
fore, EDV. Faetors such as severe blood loss and dehydration 
deerease venous return and EDV. 

The eontraetility of the heart refers to strength of the ear- 
diae muscle eontraetion (usually the ventrieles) and its ability 
to generate foree. A number of extrinsic meehanisms, includ- 
ing the sympathetie nervous system and hormones, eontrol the 
foree of eardiae muscle eontraetion, but they are not the focus 
of this aetivity. The focus of this aetivity will be the intrinsie 
eontrols of eontraetility (those that reside entirely within the 
heart). When the end diastolie volume inereases, the eardiae 
muscle fibers of the ventrieles streteh and lengthen. As the 
length of the eardiae sareomere inereases, so does the foree of 
eontraetion. Cardiac muscle, like skeletal muscle, demonstrates 
a length-tension relationship. At rest, eardiae muscles are at a 
less than optimum overlap length for maximum tension produc- 
tion in the healthy heart. Therefore, when the heart experiences 
an inerease in streteh with an inerease in venous return and, 
therefore, EDV, it ean respond by inereasing the foree of eon- 
traetion, yielding a eorresponding inerease in stroke volume. 


Afterload is the baek pressure generated by the blood in 
the aorta and the pulmonary trnnk. Afterload is the threshold 
that must be overeome for the aortie and pulmonary semilu- 
nar valves to open. This pressure is referred to as an afterìo&à 
because the load is plaeed after the eontraetion of the ven- 
trieles starts. In the healthy heart, afterload doesn’t greatly 
ehange stroke volume. However, individuals with high blood 
pressure ean be affeeted because the ventrieles are eontraet- 
ing against a greater pressure, possibly resulting in a deerease 
in stroke volume. 

Cardiac output is equal to the heart rate (HR) multi- 
plied by the stroke volume. Total blood flow is proportional 
to eardiae output (the amount of blood the heart is able to 
pump per minute). Therefore, when the stroke volume 
deereases, the heart rate must inerease to maintain eardiae 
output. Conversely, when the stroke volume inereases, the 
heart rate must deerease to maintain eardiae output. 

Even though our simple pump in this experiment does 
not work exactly like the human heart, you ean apply the 
eoneepts presented to basie eardiae function. In this aetivity 
you will examine how the aetivity of the pump is affeeted 
by ehanging the starting (EDV) and ending volumes (ESV). 

r \ 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: left beaker—simulates blood 

eoming from the lungs; flow tube eonneeting the left 

beaker and the pump—simulates the pulmonary veins; 

pump—simulates the left ventriele (the valve to the left 

of the pump simulates the bicuspid valve, and the valve 

to the right of the pump simulates the aortie semilunar 

valve); flow tube eonneeting the pump and the right 

beaker—simulates the aorta; right beaker—simulates 

blood going to the systemie circuit. 
v___ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 5: Cardiovascular Dynamies. Click Aetivity 6: 
Studying the Effeet of Stroke Volume on Pump Aetivity 

and take the online Pre-lab Quiz for Aetivity 6. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 
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1. So that you ean study the effeet of stroke volume on 
pump aetivity, the other variables in this experiment will be 
maintained at the following eonditions: 

Left beaker pressure: 40 mm Hg 

Pump pressure: 120 mm Hg 

Right beaker pressure: 80 mm Hg 

Maximum strokes: 10 

Left and right flow tube radius: 3.0 mm 

Note that the starting pump volume (EDV) is set to 120 ml. 
Set the stroke volume to 10 ml by inereasing the ending pump 
volume (ESV) to 110 ml. To inerease the ESV, eliek the + 
button beside the ending pump volume display. 

2. Click Auto Pump to initiate 10 strokes and then watch 
the pump aetion. The flow rate is shown in the flow rate dis- 
play and the pump rate is shown in the pump rate display 
after the left beaker has finished draining. 

3. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 6). 


CHART 6 


Effeet of Stroke Voliime 
on Pump Aetivity 


Flow rate 
(ml/min) 

Stroke 
volume (ml) 

Pump rate 
(strokes/min) 


























8. Click Refill to replenish the left beaker. 

9. You will now observe the effeet of ineremental inereases 
in the stroke volume. 

• inerease the stroke volume by 10 ml by deereasing the 
ending pump volume (ESV). 

• Click Auto Pump to initiate 10 strokes and then watch 
the pump aetion. 

• Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 6). 

• Click Replenish to refill the left beaker. 

Repeat this step until you reaeh a stroke volume of 60 ml. 

10. inerease the stroke volume by 20 ml by deereasing the 
ending pump volume (ESV). Click Auto Pump to initiate 
10 strokes and then watch the pump aetion. 

11. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 6). 

12. Click Refill to replenish the left beaker. 

13. inerease the stroke volume by 20 ml by deereasing the 
ending pump volume (ESV). Click Auto Pump to initiate 
10 strokes and then watch the pump aetion. 

14. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 6). 

15. Click Plot Data to view a summary of your data on a 
plotted grid. Stroke volume will be displayed on the X-axis 
and flow rate will be displayed on the Y-axis. Click Submit 
to reeord your plot in the lab report. 

After you eomplete the Experiment, take the online Post- 
lab Quiz for Aetivity 6. 

Aetivity Questions 

1. Deseribe how the heart responds to an inerease in end 
diastolie volume (include the terms preload and eontraetility 
in your explanation). 


4. Click Refill to replenish the left beaker. 


; PREDICT Question 1 

If the pump rate is analogous to the heart rate, 
what do you think will happen to the rate when 
you inerease the stroke volume? 


5. inerease the stroke volume to 20 ml by deereasing the 
ESV. To deerease the ending pump volume, eliek the - 
button beside the ending pump volume display. 

6. Click Auto Pump to initiate 10 strokes and then watch 
the pump aetion. 

7. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 6). 


2. Explain what happened to the pump rate when the stroke 
volume inereased. Why? 


3. Judging from the simulation results, explain why an ath- 
lete’s resting heart rate might be lower than that of an average 
person. 
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AGTIVITY 7 


Compensation in Pathologieal 
Cardiovascular Condit ons 

OBJECTIVES 

1. To understand how aortie stenosis affeets flow of blood 
through the heart. 

2. To explain ways in which the cardiovascular system 
might eompensate for ehanges in peripheral resistanee. 

3. To understand how the heart eompensates for ehanges 
in afterload. 

4. To explain how valves affeet the flow of blood through 
the heart. 


lntroduction 

If a blood vessel is eompromised, your cardiovascular system 
ean eompensate to some degree. Aortie valve stenosis is a eon- 
dition where there is a partial bloekage of the aortie semilunar 
valve, inereasing resistanee to blood flow and left ventricular 
afterload. Therefore, the pressure that must be reaehed to open 
the aortie valve inereases. The heart could eompensate for a 
ehange in afterload by inereasing eontraetility, the foree of eon- 
traetion. inereasing eontraetility will inerease eardiae output by 
inereasing stroke volume. To inerease eontraetility, the myoear- 
dium beeomes thieker. Athletes similarly improve their hearts 
through cardiovascular eonditioning. That is, the thiekness of 
the myocardium inereases in diseased hearts with aortie valve 
stenosis and in athletes’ hearts (though the ehamber volume 
inereases in athletes’ hearts and deereases in diseased hearts). 

Valves are important in the heart because they ensure that 
blood flows in one direetion through the heart. The valves in 
the aetivity will ensure that blood moves in a single direetion. 
Because the right flow tube represents the aorta (which is actu- 
ally on the left side of the heart), deereasing the right flow tube 
radius simulates stenosis, or narrowing of the aortie valve. 

Plaques in the arteries, known as atheroselerosis, ean 
similarly cause an inerease in resistanee. An inerease in 
peripheral resistanee results in a deereased flow rate. Ath- 
eroselerosis is a type of arterioselerosis in which the arteries 
have lost their elastieity. Atheroselerosis is one of the eondi- 
tions that leads to heart disease. 

In this aetivity you will test three different eompensa- 
tion meehanisms and prediet which meehanism will make the 
best improvement in flow rate. The three meehanisms include 
(1) inereasing the left flow tube radius (that is, inereasing 
preload), (2) inereasing the pump’s pressure (that is, inereas- 
ing eontraetility), and (3) deereasing the pressure in the right 
beaker (that is, deereasing afterload). 

r \ 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: left beaker—simulates blood 

eoming from the lungs; flow tube eonneeting the left 

beaker and the pump—simulates the pulmonary veins; 

pump—simulates the left ventriele (the valve to the left 

of the pump simulates the bicuspid valve, and the valve 

to the right of the pump simulates the aortie semilunar 

valve); flow tube eonneeting the pump and the right 

beaker—simulates the aorta; right beaker—simulates 

blood going to the systemie circuit. 
v___ J 


Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 5: Cardiovascular Dynamies. Click Aetivity 7: 
Compensation in Pathologieal Cardiovascular Condi- 
tions and take the online Pre-lab Quiz for Aetivity 7. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 
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1. So that you ean study the effeets of eompensation, the 
other variables in this experiment will be maintained at the 
following eonditions: 

Left beaker pressure: 40 mm Hg 

Maximum strokes: 10 

Starting pump volume (EDV): 120 ml 

Ending pump volume (ESV): 50 ml 

Note that the pump pressure is set to 120 mm Hg, the right 
beaker pressure is set to 80 mm Hg, and left and right flow 
tube radius is set to 3.0 mm. Click Auto Pump to initiate 
10 strokes (the number of strokes displayed in the maximum 
strokes display) and then watch the pump aetion. The flow 
rate is shown in the flow rate display and the pump rate is 
shown in the pump rate display after the left beaker has fin- 
ished draining. 

2. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 7). This will be your base- 
line, or “normal,” data point for flow rate. 

3. Click Refill to replenish the left beaker. 

4. Deerease the right flow tube radius to 2.5 mm by eliek- 
ing the - button beside the right flow tube radius display. 
Click Auto Pump to initiate 10 strokes and then watch the 
pump aetion. 

5. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 7). 

6. Click Refill to replenish the left beaker. 
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RjnjTl Compensation Results 

Condition 

Flow rate 
(ml/min) 

Left 

radiiis 

(mm) 

Right 

radius 

(mm) 

Pump 

rate 

(strokes/ 

min) 

Pump 
pressure 
(mm Hg) 

Right 
beaker 
pressure 
(mm Hg) 















































































i) PREDICT Quest on 1 

You will now test three meehanisms to 
eompensate for the deerease in flow rate 
caused by the deereased flow tube radius. 
Which meehanism do you think will have the 
greatest eompensatory effeet? 


7. inerease the left flow tube radius to 3.5 mm by elieking the 
+ button beside the left flow tube radius display. Click Auto 
Pump to initiate 10 strokes and then watch the pump aetion. 

8. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 7). 

9. Click Refill to replenish the left beaker. 

10. inerease the left flow tube radius to 4.0 mm. Click Auto 
Pump to initiate 10 strokes and then watch the pump aetion. 

11. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 7). 

12. Click Refill to replenish the left beaker. 

13. inerease the left flow tube radius to 4.5 mm. Click Auto 
Pump to initiate 10 strokes and then watch the pump aetion. 

14. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 7). 

1 5. Click Refill to replenish the left beaker. 

16. Deerease the left flow tube radius to 3.0 mm by eliek- 
ing the - button beside the left flow tube radius display and 
inerease the pump pressure to 130 mm Hg by elieking the 


+ button beside the pump pressure display. Click Auto 
Pump to initiate 10 strokes and then watch the pump aetion. 

17. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 7). 

18. Click Refill to replenish the left beaker. 

19. inerease the pump pressure to 140 mm Hg by elieking 
the + button beside the pump pressure display. Click Auto 
Pump to initiate 10 strokes and then watch the pump aetion. 

20. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 7). 

2 1 . Click Refill to replenish the left beaker. 

22. inerease the pump pressure to 150 mm Hg. Click Auto 
Pump to initiate 10 strokes and then watch the pump aetion. 

23. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 7). 

24. Click Refill to replenish the left beaker. 

25. Deerease the pump pressure to 120 mm Hg by elieking 
the - button beside the pump pressure display and deerease 
the right (destination) beaker pressure to 70 mm Hg by eliek- 
ing the - button beside the right beaker pressure display. 
Click Auto Pump to initiate 10 strokes and then watch the 
pump aetion. 

26. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 7). 

27. Click Refill to replenish the left beaker. 

28. Deerease the right (destination) beaker pressure to 
60 mm Hg by elieking the - button beside the right beaker 
pressure display. Click Auto Pump to initiate 10 strokes and 
then watch the pump aetion. 
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29. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 7). 

30. Click Refill to replenish the left beaker. 

31. Deerease the right (destination) beaker pressure to 
50 mm Hg. Click Auto Pump to initiate 10 strokes and then 
watch the pump aetion. 

32. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 7). 

33. Click Refill to replenish the left beaker. 


Aetivity Questions 

1. Explain why a thieker myocardium is seen in both the 
athlete’s heart and the diseased heart. 


2. Deseribe what the term afterload means. 


PREDICT Question 2 

What do you think will happen if the pump 
pressure and the beaker pressure are the same? 


34. inerease the right (destination) beaker pressure to 
120 mm Hg by elieking the + button beside the right beaker 
pressure display. Click Auto Pump to initiate 10 strokes and 
then watch the pump aetion. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 7. 


3. Explain which meehanism in the simulation had the 
greatest eompensatory effeet. 


4. Deseribe the meehanism used in the human heart to 
eompensate for aortie stenosis. 
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A C T I V I T Y 1 


Studyíng the Effeet of Blood Vessel Radius on Blood Flow Rate 


1. Explain how the body establishes a pressure gradient for fhiid flow. 


2. Explain the effeet that the flow tube radius ehange had on flow rate. How well did the results eompare with your predietion? 


3. Deseribe the effeet that radius ehanges have on the laminar flow of a fluid. 


4. Why do you think the plot was not linear? (Hint: Look at the relationship of the variables in the equation.) How well did the 
resiilts eompare with your predietion?_ 



Studying the Effeet of Blood Viseosity on Blood Flow Rate 


E Deseribe the eomponents in the blood that affeet viseosity. 


2. Explain the effeet that the viseosity ehange had on flow rate. How well did the results eompare with your predietion? 


3. Deseribe the graph of flow versus viseosity. 


4. Discuss the effeet that polyeythemia would have on viseosity and on blood flow. 
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Revievv Sheet 5 



Studying the Effeet of Blood Vessel Length on Blood Flow Rate 


1. Which is more likely to occur, a ehange in blood vessel radius or a ehange in blood vessel length? Explain why 


2. Explain the effeet that the ehange in blood vessel length had on flow rate. How well did the results eompare with your 
predietion?_ 


3. Explain why you think blood vessel radius ean have a larger effeet on the body than ehanges in blood vessel length (use the 
blood fl ow equation)._ 


4. Deseribe the effeet that obesity would have on blood flow and why. 


AOTIVITY 4 


Studying the Effeet of Blood Pressure on Blood Flow Rate 


E Explain the effeet that pressure ehanges had on flow rate. How well did the results eompare with your predietion? 



How does the plot differ from the plots for tube radius, viseosity, and tube length? How well did the results eompare with 
yoiir predietion?_ 


3. Explain why pressure ehanges are not the best way to eontrol blood flow. 


4. Use your data to calculate the inerease in flow rate in ml/min/mm Hg. 


A C T I V I T Y 5 


Studying the Effeet of Blood Vessel Radius on Pump Aetivity 


E Explain the effeet of inereasing the right flow tube radius on the flow rate, resistanee, and pump rate. 
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2. Deseribe what the left and right beakers in the experiment eorrespond to in the human heart. 


3. Briefly deseribe how the human heart could eompensate for flow rate ehanges to maintain blood pressure. 


A C T I V I T Y 6 


Studying the Effeet of Stroke Voliime on Pump Aetivity 


1. Deseribe the Frank-Starling law in the heart. 



Explain what happened to the pump rate when you inereased the stroke volume. Why do you think this occurred? How well 
did the resiilts eompare with your predietion?_ 


3. Deseribe how the heart alters stroke volume. 


4. Deseribe the intrinsie faetors that eontrol stroke volume. 


A C T I V I T Y 7 


Compensation in Pathologieal Cardiovascular Gondìtìons 


1. Explain how the heart could eompensate for ehanges in peripheral resistanee. 


2. Which meehanism had the greatest eompensatory effeet? How well did the results eompare with your predietion? 



Explain what happened when the pump pressure and the beaker pressure were the same. How well did the results eompare 
with your predietion?_ 



Explain whether it would be better to adjust heart rate or blood vessel diameter to aehieve blood flow ehanges at a loeal level 
(for example, in j ust the digestive system)._ 
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Cardiovascular Physiology 


PRE-LAB Q U I Z 

1. Circle True or False: Cardiac muscle and some types of smooth muscle 
have the ability to eontraet without any external stimuli. 

2. The total eardiae aetion potential lasts 250-300 milliseeonds and has 
_phases. 

a. two e. four 

b. three d. five 

3. The_nerve earries parasympathetie signals to the heart. 

a. phrenie e. splanehnie 

b. vagus d. viseeral 

4. Circle True or False: Stimulation of the parasympathetie nervous system 
inereases the heart rate and the foree of eontraetion of the heart. 

5. What is vagal eseape ? 


6. The frog heart is different from the human heart in that it eontains: 

a. one atrium and two ventrieles 

b. two atria and a single, ineompletely divided ventriele 
e. two atria and two ventrieles (it is not different) 

7. The_node has the fastest rate of depolarization and 

determines the heart rate. 

a. atrioventricular 

b. atriosinus 
e. sinoatrial 

d. ventriculosino 

8. Circle the eorreet underlined term: Humans are able to maintain an 
external body temperature of 35.8-38.2°C in spite of environmental 
eonditions and are referred to as poikilotherms / homeotherms . 

9. Circle True or False: Sympathetie nerve fibers release epinephrine and 
aeetyleholine at their eardiae synapses. 

10. The resting eell membrane in eardiae muscle eells favors the movement 
of_ions. 

a. potassium 

b. calcium 

e. sodium 

d. magnesium 


Exercise Overview 

Cardiac muscle and some types of smooth muscle eontraet spontaneously, with- 
out any external stimuli. Skeletal muscle is unique in that it requires depolarizing 
signals from the nervous system to eontraet. The heart’ s ability to trigger its own 
eontraetions is ealled autorhythmicity. 

If you isolate eardiae paeemaker muscle eells, plaee them into eell cul- 
ture, and observe them under a mieroseope, you ean see the eells eontraet. 
Autorhythmicity occurs because the plasma membrane in eardiae paeemaker 
muscle eells has reduced permeability to potassium ions but still allows sodium 
and calcium ions to slowly leak into the eells. This leakage causes the muscle 
eells to slowly depolarize until the aetion potential threshold is reaehed and 
L-type calcium ehannels open, allowing Ca 2+ entry from the extracellular fluid. 
Shortly thereafter, eontraetion of the remaining eardiae muscle occurs prior 
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FIG U R E 6.1 The eardiae aetion potential 


A C T I V I T Y 1 


Investigating the Refraetory Period 
of Oardiae Muscle 

OBJECTIVES 

1. To observe the autorhythmicity of the heart. 

2. To understand the phases of the eardiae aetion potential. 

3. To induce extrasystoles and observe them on the 
oseilloseope traeing of eontraetile aetivity in the isolated, 
intaet frog heart. 

4. To relate the presenee or absenee of wave summation 
and tetanus in eardiae muscle to the refraetory period of 
the eardiae aetion potential. 


to potassium-dependent repolarization. The spontaneous 
depolarization-repolarization events occur in a regular and 
continuous manner in eardiae paeemaker muscle eells, lead- 
ing to eardiae aetion potentials in the majority of eardiae 
muscle. 

There are five main phases of membrane polarization in 
a eardiae aetion potential (view Figure 6.1). 

• Phase 0 is similar to depolarization in the neuronal 
aetion potential. Depolarization causes voltage-gated 
sodium ehannels in the eell membrane to open, inereas- 
ing the flow of sodium ions into the eell and inereasing 
the membrane potential. 

• In phase 1, the open sodium ehannels begin to inaeti- 
vate, deereasing the flow of sodium ions into the eell 
and causing the membrane potential to fall slightly. At 
the same time, voltage-gated potassium ehannels elose 
and voltage-gated calcium ehannels open. The subse- 
quent deerease in the flow of potassium out of the eell 
and inerease in the flow of calcium into the eell aet to 
depolarize the membrane and curb the fall in membrane 
potential caused by the inaetivation of sodium ehannels. 

• In phase 2, known as the plateaii phase, the membrane 
remains in a depolarized state. Potassium ehannels 
stay elosed, and long-lasting (L-type) calcium ehan- 
nels stay open. This plateau lasts about 0.2 seeonds, or 
200 milliseeonds. 

• In phase 3, the membrane potential gradually falls to 
more negative values when a seeond set of potassium 
ehannels that began opening in phases 1 and 2 allows 
signifieant amounts of potassium to flow out of the eell. 
The falling membrane potential causes calcium ehannels 
to elose, reducing the flow of calcium into the eell and 
repolarizing the membrane until the resting potential is 
reaehed. 

• In phase 4, the resting membrane potential is again es- 
tablished in eardiae muscle eells and is maintained until 
the next depolarization arrives from neighboring eardiae 
paeemaker eells. 

The total eardiae aetion potential lasts 250-300 milli- 
seeonds. 


lntroduction 

Reeall that wave siimmation occurs when a skeletal muscle is 
stimulated with such frequency that muscle twitches overlap 
and result in a stronger eontraetion than a single muscle twitch. 
When the stimulations are frequent enough, the muscle reaehes 
a state of fused tetanus, during which the individual muscle 
twitches eannot be distinguished. Tetanus occurs in skeletal 
muscle because skeletal muscle has a relatively short absolute 
refraetory period (a period during which aetion potentials 
eannot be generated no matter how strong the stimulus). 

Unlike skeletal muscle, eardiae muscle has a relatively 
long refraetory period and is thus ineapable of wave sum- 
mation. In faet, eardiae muscle is ineapable of reaeting to 
any stimulus before approximately the middle of phase 3, 
and will not respond to a normal eardiae stimulus before 
phase 4. The period of time between the beginning of the 
eardiae aetion potential and the approximate middle of 
phase 3 is the absoliite refraetory period. The period of 
time between the absolute refraetory period and phase 4 is 
the relative refraetory period. The total refraetory period 
of eardiae muscle is 200-250 milliseeonds—almost as long 
as the eontraetion of the eardiae muscle. 

In this aetivity you will use external stimulation to better 
understand the refraetory period of eardiae muscle. You will 
use a frog heart, which is anatomieally similar to the human 
heart. The frog heart has two atria and a single, ineompletely 
divided ventriele. 

( x 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: oseilloseope display— 
displays the eontraetile aetivity from the frog heart; elee- 
trieal stimulator—used to apply eleetrieal shoeks to the 
frog heart; eleetrode holder—loeks eleetrodes in plaee for 
stimulation; external stimulation eleetrode; apparatus for 
sustaining an isolated frog heart—includes 23°C Ringer’s 
solution; frog heart. 

v___ J 

Experiment instriietions 

Go to the home page in the PhysioEx software and eliek 
Exercise 6: Cardiovascular Physiology. Click Aetivity 1: 
Investigating the Refraetory Period of Cardiac Muscle, 

and take the online Pre-lab Quiz for Aetivity 1. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 



















Cardiovascular Physiology 


PEx-95 


instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



• 

1. Watch the eontraetile aetivity from the frog heart on the 
oseilloseope. Enter the number of ventricular eontraetions 
per minute (from the heart rate display) in the field below 
and then eliek Submit to reeord your answer in the lab report. 

_beats/min 

2. Drag the external stimulation eleetrode to the eleetrode 
holder to the right of the frog heart. The eleetrode will touch 
the ventricular muscle tissue. 

PREDICT Question 1 

When you inerease the frequency of the stim- 
ulation, what do you think will happen to the 
amplitude (height) of the ventricular systole wave? 


3. Deliver single shoeks in succession by elieking Single 
Stimulus rapidly. You might need to praetiee to acquire 
the eorreet technique. You should see a u doublet,” or dou- 
ble peak, which eontains an extrasystole, or extra eontrae- 
tion of the ventriele, and then a eompensatory pause, which 
allows the heart to get baek on schedule after the extrasys- 
tole. When you see a doublet, eliek Submit to reeord the 
traeing in the lab report. 

PREDIOT Question 2 

If you deliver multiple stimuli (20 stimuli per 
seeond) to the heart, what do you think will 
happen? 


4. Click Multiple Stiimili to deliver eleetrieal shoeks to the 
heart at a rate of 20 stimuli/sec. The Multiple Stimuli but- 
ton ehanges to a Stop Stiimili button as soon as it is elieked. 
Observe the effeets of stimulation on the eontraetile aetivity 
and, after a few seeonds, eliek Stop Stimuli to stop the stimuli. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 1. 


Aetivity Questions 

1. Deseribe how the frog heart and human heart differ 
anatomieally. 


2. What does an extrasystole eorrespond to? How did you 
induce an extrasystole? 


3. Explain why it is important that wave summation and 
tetanus do not occur in the eardiae muscle. 


A C T I V I T Y 2 


Examining the Effeet of 
Vagus Nerve Stimulation 

OBJECTIVES 

1. To understand the role that the sympathetie and 
parasympathetie nervous systems have on heart aetivity. 

2. To explain the consequences of vagal stimulation and 
vagal eseape. 

3. To explain the functionality of the sinoatrial node. 


lntroduction 

The autonomic nervous system has two branehes: the 
sympathetie nervous system (“fight or flight”) and par- 
asympathetie nervous system (“resting and digesting”). 
At rest both the sympathetie and parasympathetie nerv- 
ous systems are working but the parasympathetie braneh 
is more aetive. The sympathetie nervous system beeomes 
more aetive when needed, for example, during exercise 
and when eonfronting danger. 

Both the parasympathetie and sympathetie nervous sys- 
tems supply nerve impulses to the heart. Stimulation of the 
sympathetie nervous system inereases the rate and foree of 
eontraetion of the heart. Stimulation of the parasympathetie 
nervous system deereases the heart rate without direetly 
ehanging the foree of eontraetion. The vagus nerve (eranial 
nerve X) earries the signal to the heart. If stimulation of the 
vagus nerve (vagal stimulation) is excessive, the heart will 
stop beating. After a short time, the ventrieles will begin to 
beat again. The resmnption of the heartbeat is referred to as 
vagal eseape and ean be the result of sympathetie reflexes or 
initiation of a rhythm by the Purkinje fibers. 

The sinoatrial node (SA node) is a cluster of autorhyth- 
mie eardiae eells found in the right atrial wall in the human 
heart. The SA node has the fastest rate of spontaneous depo- 
larization, and, for that reason, it determines the heart rate and 
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is therefore referred to as the heart’s “paeemaker.” In the 
absenee of parasympathetie stimulation, sympathetie stimu- 
lation, and hormonal eontrols, the SA node generates aetion 
potentials 100 times per minute. 

EQUIPMENT USED The following equipment 
will be depieted on-sereen: oseilloseope display— 
displays the eontraetile aetivity from the frog heart; elee- 
trieal stimulator—used to apply eleetrieal shoeks to the 
frog heart; eleetrode holder—loeks eleetrodes in plaee for 
stimulation; vagus nerve stimulation eleetrode; appara- 
tus for sustaining an isolated, intaet frog heart—includes 
23°C Ringer’s solution; frog heart with vagus nerve (thin, 
white strand to the right). 

v___ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 6: Cardiovascular Physiology. Click Aetivity 2: 
Examining the Effeet of Vagus Nerve Stimulation, and 

take the online Pre-lab Quiz for Aetivity 2. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 
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1. Watch the eontraetile aetivity from the frog heart on the 
oseilloseope. Enter the number of ventricular eontraetions 
per minute (from the heart rate display) in the field below 
and then eliek Submit to reeord your answer in the lab report. 

_beats/min 

2. Drag the vagus nerve stimulation eleetrode to the elee- 
trode holder to the right of the heart. Note that, when the 
eleetrode loeks in plaee, the vagus nerve is draped over the 
eleetrode. Stimuli will go direetly to the vagus nerve and 
indireetly to the heart. 

3. Enter the number of ventricular eontraetions per minute 
(from the heart rate display) in the field below and then eliek 
Submit to reeord your answer in the lab report. 

beats/min 


^ 2 j PREDICT Questìon 1 

What do you think will happen if you apply mul- 
tiple stimuli to the heart by indireetly stimulating 
the vagus nerve? 


4. Click Multiple Stiimili to deliver eleetrieal shoeks to 
the vagus nerve at a rate of 50 stimuli/sec. The Multiple 
Stimuli button ehanges to a Stop Stimuli button as soon as it 
is elieked. Observe the effeets of stimulation on the eontrae- 
tile aetivity and, after waiting at least 20 seeonds (the trae- 
ing will make two full sweeps aeross the oseilloseope), eliek 
Stop Stinmli to stop the stimuli. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 2. 

Aetivity Questions 

1. Deseribe how stimulation of the vagus nerves affeets the 
heart rate. 


2. How does the sympathetie nervous system affeet heart 
rate and the foree of eontraetion? 


3. Deseribe the meehanism of vagal eseape. 


4. What would happen to the heart rate if the vagus nerve 
were cut? 



A C T I V I T Y 3 


Examin ng the Effeet of Temperature 
on Heart Rate 

OBJECTIVES 

1. To define the terms hyperthermia and hypothermia. 

2. To eontrast the terms homeothermie and poikilothermie. 

3. To understand the effeet that temperature has on the 
frog heart. 

4. To understand the effeet that temperature could have on 
the human heart. 
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ntroduction 

Humans are homeothermie, which means that the human 
body maintains an internal body temperature within the 
35.8-38.2°C range even though the external temperature is 
ehanging. When the external temperature is elevated, the 
hypothalamus is signaled to aetivate heat-releasing meeha- 
nisms, such as sweating and vasodilation, to maintain the 
body’s internal temperature. During extreme external tem- 
perature eonditions, the body might not be able to maintain 
homeostasis and either hyperthermia (elevated body tem- 
perature) or hypothermia (low body temperature) could 
result. In eontrast, the frog is a poikilothermie animal. Its 
internal body temperature ehanges depending on the tem- 
perature of its external environment because it laeks internal 
homeostatie regulatory meehanisms. 

Ringer’s solution, also known as Ringer’s irrigation, eon- 
sists of essential eleetrolytes (ehloride, sodium, potassium, 
calcium, and magnesium) in a physiologieal solution and is 
required to keep the isolated, intaet heart viable. In this aetiv- 
ity you will explore the effeet of temperature on heart rate 
using a Ringer’s solution incubated at different temperatures. 

( 'N 

EQUIPMENT USED The following equipment 
will be depieted on-sereen: oseilloseope display— 
displays the eontraetile aetivity from the frog heart; elee- 
trieal stimulator—used to apply eleetrieal shoeks to the 
frog heart; eleetrode holder—loeks eleetrodes in plaee for 
stimulation; external stimulation eleetrode; apparatus for 
sustaining an isolated, intaet frog heart—includes 5°C, 
23°C, and 32°C Ringer’s solution; frog heart. 

V___2 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 6: Cardiovascular Physiology. Click Aetivity 3: 
Examining the Effeet of Temperature on Heart Rate, and 

take the online Pre-lab Quiz for Aetivity 3. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 
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1. Watch the eontraetile aetivity from the frog heart on the 
oseilloseope. Click Reeord Data to reeord the number of 
ventricular eontraetions per minute (from the heart rate dis- 
play) in 23°C Ringer’s solution. 



PREDICT Question 1 

What effeet will deereasing the temperature of 
the Ringer’s solution have on the heart rate of 


the frog? 


2. Click 5°C Ringer’s to observe the effeets of lowering 
the temperature. 

3. When the heart aetivity display reads Heart Rate Stable , 
eliek Reeord Data to display your results in the grid (and 
reeord your results in Chart 3). 


CHART 3 

Effeet of Temperature 
on Heart Rate 

Solution 

Heart rate (beats/min) 








4. Click 23°C Ringer’s to bathe the heart and return it 
to room temperature. When the heart aetivity display reads 
Heart Rate Normal , you ean proeeed. 



PREDIOT Question 2 

What effeet will inereasing the temperature of 
the Ringer’s solution have on the heart rate of 


the frog? 


5. Click 32°C Ringer’s to observe the effeets of inereasing 
the temperature. 

6. When the heart aetivity display reads Heart Rate Stable , 
eliek Reeord Data to display your results in the grid (and 
reeord your results in Chart 3). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 3. 

Aetivity Questions 

1. Explain the importanee of Ringer’s sohition (essential 
eleetrolytes in physiologieal saline) in maintaining the auto- 
rhythmieity of the heart. 
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2. Deseribe the effeet of lower temperature on heart rate. 


3. Explain the effeet that fever would have on heart rate. 
Explain why. 


A C T I V I T Y 4 


Examining the Effeets of Chemical 
Modifiers on Heart Rate 

OBJECTIVES 

1. To distingiiish between eholinergie and adrenergie 
modifiers of heart rate. 

2. To define agonist and antagonist modifiers of heart rate. 

3. To observe the effeets of epinephrine, piloearpine, 
atropine, and digitalis on heart rate. 

4. To relate ehemieal modifiers of the heart rate to 
sympathetie and parasympathetie aetivation. 


lntroduction 

Although the heart does not need external stimulation to beat, 
it ean be affeeted by extrinsic eontrols, most notably the auto- 
nomie nervous system. The sympathetie nervous system is 
aetivated in times of “fight or flight,” and sympathetie nerve 
fibers release norepinephrine (also known as noradrenaline) 
and epinephrine (also known as adrenaline) at their eardiae 
synapses. 

Norepinephrine and epinephrine inerease the frequency of 
aetion potentials by binding to (3, adrenergie reeeptors embed- 
ded in the plasma membrane of sinoatrial (SA) node (paee- 
maker) eells. Working through a eAMP seeond-messenger 
meehanism, binding of the ligand opens sodium and calcium 
ehannels, inereasing the rate of depolarization and shortening 
the period of repolarization, thus inereasing the heart rate. 

The parasympathetie nervous system, our “resting and 
digesting braneh,” usually dominates, and parasympathetie 
nerve fibers release aeetyleholine at their eardiae synapses. 
Aeetyleholine deereases the frequency of aetion potentials 
by binding to muscarinic eholinergie reeeptors embedded in 
the plasma membrane of the SA node eells. Aeetyleholine 
indireetly opens potassium ehannels and eloses calcium and 
sodium ehannels, deereasing the rate of depolarization and, 
thus, deereasing heart rate. 

Chemical modifiers that inhibit, mimie, or enhanee the 
aetion of aeetyleholine in the body are labeled eholinergie. 
Chemical modifiers that inhibit, mimie, or enhanee the aetion 
of epinephrine in the body are adrenergie. If the modifier 
works in the same fashion as the neurotransmitter (aeetyleho- 
line or norepinephrine), it is an agonist. If the modifier works 
in opposition to the neurotransmitter, it is an antagonist. In 
this aetivity you will explore the effeets of piloearpine, atro- 
pine, epinephrine, and digitalis on heart rate. 


r -\ 

EQUIPMENT USED The following equipment 
will be depieted on-sereen: oseilloseope display— 
displays the eontraetile aetivity; apparatus for sustain- 
ing an isolated intaet frog heart—includes 23 °C Ringer’s 
solution; piloearpine; atropine; epinephrine; digitalis; 
frog heart. 

v_ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 6: Cardiovascular Physiology. Click Aetivity 4: 
Examining the Effeets of Chemical Modifiers on Heart 
Rate, and take the online Pre-lab Quiz for Aetivity 4. 

After you take the online Pre-lab Quiz, eliek the Experi- 
ment tab and begin the experiment. The experiment instme- 
tions are reprinted here for your referenee. The opening 
sereen for the experiment is shown below. 



1. Watch the eontraetile aetivity from the frog heart on the 
oseilloseope. Click Reeord Data to reeord the number of 
ventricular eontraetions per minute (from the heart rate dis- 
play) and reeord your results in Chart 4. 

2. Drag the dropper eap of the epinephrine bottle to the frog 
heart to release epinephrine onto the heart. 

3. Observe the eontraetile aetivity and the heart aetivity 
display. When the heart aetivity display reads Heart Rate 
Stable, eliek Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). 


CHART 4 

Effeets of Chemical Modifiers 
on Heart Rate 

Solution 

Heart rate 
(beats/min) 
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4. Click 23°C Ringer’s (room temperature) to bathe the 
heart and flush out the epinephrine. When the heart aetivity 
display reads Heart Rate Normal, you ean proeeed. 

PREDICT Question 1 

Piloearpine is a eholinergie drug, an aeetyleho- 
line agonist. Prediet the effeet that piloearpine 
will have on heart rate. 


5. Drag the dropper eap of the piloearpine bottle to the frog 
heart to release piloearpine onto the heart. 

6. Observe the eontraetile aetivity and the heart aetivity 
display. When the heart aetivity display reads Heart Rate 
Stable, eliek Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). 

7. Click 23°C Ringer’s (room temperature) to bathe the 
heart and flush out the piloearpine. When the heart aetivity 
display reads Heart Rate Normal, you ean proeeed. 

PREDICT Question 2 

Atropine is another eholinergie drug, an aeetyleho- 
line antagonist. Prediet the effeet that atropine will 
have on heart rate. 


8. Drag the dropper eap of the atropine bottle to the frog 
heart to release atropine onto the heart. 

9. Observe the eontraetile aetivity and the heart aetivity 
display. When the heart aetivity display reads Heart Rate 
Stable, eliek Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). 

10. Click 23°C Ringer’s (room temperature) to bathe the 
heart and flush out the atropine. When the heart aetivity dis- 
play reads Heart Rate Normal, you ean proeeed. 

11. Drag the dropper eap of the digitalis bottle to the frog 
heart to release digitalis onto the heart. 

12. Observe the eontraetile aetivity and the heart aetivity 
display. When the heart aetivity display reads Heart Rate 
Stable, eliek Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 4. 

Aetivity Questions 

1. Define agonist and antagonist. Oearly distinguish 
between the two and give examples used in this aetivity. 


2. Deseribe the effeet of epinephrine on heart rate and foree 
of eontraetion. 


3. What is the effeet of atropine on heart rate? 


4. Deseribe the effeet of digitalis on heart rate and foree of 
eontraetion. 


A C T I V I T Y 5 


Examining the Effeets 
of Various lons on Heart Rate 

OBJECTIVES 

1. To understand the movement of ions that occurs during 
the eardiae aetion potential. 

2. To deseribe the potential effeet of potassium, sodium, 
and calcium ions on heart rate. 

3. To explain how calcium ehannel bloekers might be used 
pharmaceutically to treat heart patients. 

4. To define the terms inotropie and ehronotropie. 


lntroduction 

In eardiae muscle eells, aetion potentials are caused by 
ehanges in permeability to ions due to the opening and elos- 
ing of ion ehannels. The permeability ehanges that occur for 
the eardiae muscle eell involve potassium, sodium, and eal- 
cium ions. The eoneentration of potassium is greater inside 
the eardiae muscle eell than outside the eell. Sodium and 
calcium are present in larger quantities outside the eell than 
inside the eell. 

The resting eell membrane favors the movement of 
potassium more than sodium or calcium. Therefore, the rest- 
ing membrane potential of eardiae eells is determined mainly 
by the ratio of extracellular and intracellular eoneentrations 
of potassium. View Table 6.1 for a summary of the phases of 
the eardiae aetion potential and ion movement during eaeh 
phase. 

Calcium ehannel bloekers are used to treat high blood 
pressure and abnormal heart rates. They bloek the movement 
of calcium through its ehannels throughout all phases of the 
eardiae aetion potentials. Consequently, because less calcium 
gets through, both the rate of depolarization and the foree 
of the eontraetion are reduced. Modifiers that affeet heart 
rate are ehronotropie, and modifiers that affeet the foree 
of eontraetion are inotropie. Modifiers that lower heart rate 
are negative ehronotropie, and modifiers that inerease heart 
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rate are positive ehronotropie. The same adjeetives deseribe 
inotropie modifiers. Therefore, negative inotropie dmgs 
deerease the foree of eontraetion of the heart and positive 
inotropie dmgs inerease the foree of eontraetion of the heart. 


1. Watch the eontraetile aetivity from the frog heart move 
on the oseilloseope. Click Reeord Data to reeord the number 
of ventricular eontraetions per minute (from the heart rate 
display). 


TABLE 6.1 


Phase of eardiae 

aetion potential lon movement 

Phase 0 (rapid depolarization) Sodium moves in 

Phase 1 (small repolarization) Sodium movement deereases 


Phase 2 (plateau) Potassium movement out deereases 

Calcium moves in 


Phase 3 (repolarization) Potassium moves out 

Calcium movement deereases 


Phase 4 (resting potential) Potassium moves out 

Little sodium or calcium moves in 


r \ 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: oseilloseope display— 
displays the eontraetile aetivity from the frog heart; 
apparatus for sustaining frog heart—includes 23°C 
Ringer’s solution; calcium ions; sodium ions; potassium 
ions; frog heart. 

v___ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 6: Cardiovascular Physiology. Click Aetivity 5: 
Examining the Effeets of Various Ions on Heart Rate, and 

take the online Pre-lab Quiz for Aetivity 5. 

After you take the online Pre-lab Quiz, eliek the Experi- 
ment tab and begin the experiment. The experiment instme- 
tions are reprinted here for your referenee. The opening 
sereen for the experiment is shown below. 






PREDICT Question 1 

Because calcium ehannel bloekers are nega- 
tive ehronotropie and negative inotropie, what 
effeet do you think inereasing the eoneentration of 
calcium will have on heart rate? 


2. Drag the dropper eap of the calcium ions bottle to the 
frog heart to release calcium ions onto the heart. Note the 
ehange in heart rate after you drop the calcium ions onto 
the heart. 

3. When the heart aetivity display reads Heart Rate Stable, 
eliek Reeord Data to display your results in the grid (and 
reeord your results in Chart 5). 


C H ART 5 

Effeets of Various lons 
on Heart Rate 

Solution 

Heart rate (beats/min) 










4. Click 23 °C Ringer’s (room temperature) to bathe the 
heart and flush out the calcium. When the heart aetivity dis- 
play reads Heart Rate Normal, you ean proeeed. 

5. Drag the dropper eap of the sodium ions bottle to the 
frog heart to release sodium ions onto the heart. Note the 
immediate ehange in the heart rate and the ehange in heart 
rate over time after you drop the sodium ions onto the heart. 

6. After waiting at least 20 seeonds (the traeing will make 
two full sweeps aeross the oseilloseope), eliek Reeord Data 
to display your results in the grid (and reeord your results in 
Chart 5). 

7. Click 23°C Ringer’s (room temperature) to bathe the 
heart and flush out the sodium. When the heart aetivity dis- 
play reads Heart Rate Normal, you ean proeeed. 


énfr PREDICT Question 2 

Excess potassium outside of the eardiae 
eell deereases the resting potential of the 
plasma membrane, thus deereasing the foree of 
eontraetion. What effeet (if any) do you think it will 
initially have on heart rate? 
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8. Drag the dropper eap of the potassium ions bottle to the 
frog heart to release potassium ions onto the heart. Note the 
immediate ehange in heart rate and the ehange in heart rate 
over time after you drop the potassium ions onto the heart. 

9. After waiting at least 20 seeonds (the traeing will make 
two full sweeps aeross the oseilloseope), eliek Reeord Data 
to display your results in the grid (and reeord your results in 
Chart 5). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 5. 


2. Deseribe the effeet of adding calcium ions to the frog 
heart. 


3. Calcium ehannel bloekers are often used to treat high 
blood pressure. Explain how their effeets would benefit indi- 
viduals with high blood pressure. 


Aetivity Questions 

1. Define ehronotropie and inotropie effeets on the heart. 


4. Deseribe the initial effeet of adding potassium ions to the 
frog heart. 











This page intentionally left blank 



Phusi#Ex 9.1 


V I E W S H 



NAME _ 

LAB TIME/DATE 








A C T I V I T Y 1 


Investigating the Refraetory Period of Gardíae Muscle 


1. Explain why the larger waves seen on the oseilloseope represent ventricular eontraetion. 



Explain why the amplitude of the wave did not ehange when you inereased the frequency of the stimulation. (Hint: Relate 
your response to the refraetory period of the eardiae aetion potential.) How well did the results eompare with your predietion? 


3. Why is it only possible to induce an extrasystole during relaxation? 


4. Explain why wave summation and tetanus are not possible in eardiae muscle tissue. How well did the results eompare with 
your predietion?_ 


AOTIVITY 2 


Examining the Effeet of Vagus Nerve Stimulation 


1. Explain the effeet that extreme vagus nerve stimulation had on the heart. How well did the results eompare with your predietion? 


2. Explain two ways that the heart ean overeome excessive vagal stimulation. 


3. Deseribe how the sympathetie and parasympathetie nervous systems work together to regulate heart rate. 


4. What do you think would happen to the heart rate if the vagus nerve was cut? 
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Revievv Sheet 6 



Examining the Effeet of Temperature on Heart Rate 


1. Explain the effeet that deereasing the temperature had on the frog heart. How do you think the human heart would respond? 


How well did the results eompare with your predietion? 


2. Deseribe why Ringer’s solution is required to maintain heart eontraetions. 



Explain the effeet that inereasing the temperature had on the frog heart. How do you think the human heart would respond? 
How well did the resiilts eompare with your predietion?_ 



Examining the Effeets of Chemical Modifiers on Heart Rate 


E Deseribe the effeet that piloearpine had on the heart and why it had this effeet. How well did the results eompare with your 


predietion? 


2. Atropine is an aeetyleholine antagonist. Does atropine inhibit or enhanee the effeets of aeetyleholine? Deseribe your results 


and how they eorrelate with how the drug works. How well did the results eompare with your predietion? 


3. Deseribe the benefits of administering digitalis. 


4. Distinguish between eholinergie and adrenergie ehemieal modifiers. Include examples of eaeh in your discussion 



Examining the Effeets of Various lons on Heart Rate 


1. Deseribe the effeet that inereasing the calcium ions had on the heart. How well did the results eompare with your predietion? 


2. Deseribe the effeet that inereasing the potassium ions initially had on the heart in this aetivity. Relate this to the resting 


membrane potential of the eardiae muscle eell. How well did the results eompare with your predietion? 


3. Deseribe how calcium ehannel bloekers are used to treat patients and why. 
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Respiratory System Meehanies 

PRE-LAB Q U I Z 

1. Circle the eorreet underlined term: Blood enriehed with earbon dioxide / 
oxvaen returns to the heart from the body tissues. 

2. VVhieh of the following occurs during expiration? 

a. external intereostal muscles eontraet 

b. diaphragm eontraets 
e. diaphragm relaxes 

d. abdominal wall muscles eontraet 

3. Circle True or False: VVhen the diaphragm eontraets, the volume in the 
thoraeie eavity deereases 

4. The volume of air remaining in the lungs after a forceful and eomplete 
respiration is known as: 

a. tidal volume 

b. vital eapaeity 

e. residual volume 

d. reserve volume 

5. Circle the eorreet underlined term: Obstmetive / Restrietive lung dis- 
eases reduce both respiratory volumes and eapaeities. 

6. Oirele True or False: During an acute asthma attaek, there is a signifieant 
loss of elastie reeoil as the disease destroys the alveoli of the lungs. 

7. Oirele the eorreet underlined term: Total lunq eapaeitv / Vital eapaeitv is 
the maximum amount of air that ean be inspired and then expired after 
maximal effort. 

8. The actual site of gas exchange in the lungs occurs in the: 

a. alveoli 

b. diaphragm 

e. external intereostals 
d. internal intereostals 

9. Oirele the eorreet underlined term: A spirometer / inhaler is a deviee 
that ean measure the volume of air inspired and expired in a speeifie 
period of time. 

10. Circle True or False: During heavy exercise, both the rate of breathing 
and the residual volume will inerease to their maximum limits. 


Exercise Overview 

The physiologieal function of the respiratory system is essential to life. If prob- 
lems develop in most other physiologieal systems, we ean survive for some time 
without addressing them. But if a persistent problem develops within the respira- 
tory system (or the circulatory system), death ean occur in minutes. 

The primary role of the respiratory system is to distribute oxygen to, and 
remove earbon dioxide from, all the eells of the body. The respiratory system works 
together with the circulatory system to aehieve this. Respiration includes ventila- 
tion, or the movement of air into and out of the lungs (breathing), and the transport 
(via blood) of oxygen and earbon dioxide between the lungs and body eells (view 
Figure 7.1). The heart pumps deoxygenated blood to pulmonary eapillaries, where 
gas exchange occurs between blood and alveoli (air saes in the lungs), thus oxygen- 
ating the blood. The heart then pumps the oxygenated blood to body tissues, where 
oxygen is used for eell metabolism. At the same time, earbon dioxide (a waste prod- 
uct of metabolism) from body tissues diffuses into the blood. This earbon dioxide- 
enriehed, oxygen-reduced blood then returns to the heart, eompleting the circuit. 
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Oxygenated 

blood 

Deoxygenated 

blood 


FIG U R E 7.1 Relationship between external 
respiration and internal respiration. 


Ventilation is the result of skeletal muscle eontraetion. 
When the diaphragm —a dome-shaped muscle that divides 
the thoraeie and abdominal eavities—and the external inter- 
eostal muscles eontraet, the volume in the thoraeie eavity 
inereases. This inerease in thoraeie volume reduces the pres- 
sure in the thoraeie eavity, allowing atmospherie gas to enter 


the lungs (a proeess ealled inspiration). When the diaphragm 
and the external intereostals relax, the pressure in the thoraeie 
eavity inereases as the volume deereases, foreing air out of the 
lungs (a proeess ealled expiration). Inspiration is eonsidered 
an aetive proeess because muscle eontraetion requires the use 
of ATP, whereas expiration is usually eonsidered a passive 
proeess because the muscles relax, rather than eontraet. When 
a person is mnning, however, expiration beeomes an aetive 
proeess, resulting from the eontraetion of internal intereos- 
tal muscles and abdominal muscles. In this ease, both inspi- 
ration and expiration are eonsidered aetive proeesses because 
muscle eontraetion is needed for both. 

The amount of air that flows into and out of the lungs 
in 1 minute is the pulmonary minute ventilation, which is 
calculated by multiplying the frequency of breathing by the 
volume of eaeh breath (the tidal volume). Ventilation must 
be regulated at all times to maintain oxygen in arterial blood 
and earbon dioxide in venous blood at their normal levels— 
that is, at their normal partial pressures. The partial pres- 
sure of a gas is the proportion of pressure that the gas exerts 
in a mixture. For example, in the atmosphere at sea level, the 
total pressure is 760 mm Hg. Oxygen makes up 21% of the 
total atmosphere and, therefore, has a partial pressure (P 0? ) of 
160 mm Hg (760 mm Hg X 0.21). 

Oxygen and earbon dioxide diffuse down their partial 
pressure gradients, from high partial pressures to low par- 
tial pressures. Oxygen diffuses from the alveoli of the lungs 
into the blood, where it ean dissolve in plasma and attaeh to 
hemoglobin, and then diffuses from the blood into the tissues. 
Carbon dioxide (produced by the metabolie reaetions of the 
tissues) diffuses from the tissues into the blood and then dif- 
fuses from the blood into the alveoli for export from the body. 

In this exercise you will investigate the basie meehanies 
and regulation of the respiratory system. The eoneepts you 
will explore with a simulated lung will help you understand 
the operation of the human respiratory system in better detail. 


A C T I V I T Y 1 


Measuring Respiratory Volumes 
and Calculating Capacities 

OBJECTIVES 

1. To understand the use of the terms ventilation, inspiration, 
expiration, diaphragm, extemal intereostals, internal 
intereostals, abdominal-vvall muscles, expiratory reserve 
volume (ERV), foreed vital eapaeity (FVC), tidal volume 
(TV), inspiratory reserve volume (IRV), residual volume 
(RV), and foreed expiratory volume in one seeond (FEV J. 

2. To understand the roles of skeletal muscles in the 
meehanies of breathing. 

3. To understand the volume and pressure ehanges in the 
thoraeie eavity during ventilation of the lungs. 

4. To understand the effeets of airway radius and, thus, 
resistanee on airflow. 


lntroduction 

The two phases of ventilation, or breathing, are (1) inspiration, 
during which air is taken into the lungs, and (2) expiration, 
during which air is expelled from the lungs. Inspiration occurs 
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as the external intereostal muscles and the diaphragm 

eontraet. The diaphragm, normally a dome-shaped muscle, 
flattens as it moves inferiorly while the external intereostal 
muscles, situated between the ribs, lift the rib eage. These 
eooperative aetions inerease the thoraeie volume. Air rnshes 
into the lungs because this inerease in thoraeie volume ereates 
a partial vacuum. 

During quiet expiration, the inspiratory muscles relax, 
causing the diaphragm to rise superiorly and the ehest wall 
to move inward. Thus, the thorax returns to its normal shape 
because of the elastie properties of the lung and thoraeie wall. 
As in a deflating balloon, the pressure in the lungs rises, fore- 
ing air out of the lungs and airways. Although expiration is 
normally a passive proeess, abdominal-wall muscles and 
the internal intereostal muscles ean also eontraet during 
expiration to foree additional air from the lungs. Such foreed 
expiration occurs, for example, when you exercise, blow up a 
balloon, cough, or sneeze. 

Normal, quiet breathing moves about 500 ml (0.5 liter) 
of air (the tidal volume) into and out of the lungs with eaeh 
breath, but this amount ean vary due to a person’s size, sex, 
age, physieal eondition, and immediate respiratory needs. In 
this aetivity you will measure the following respiratory vol- 
umes (the values given for the normal adult male and female 
are approximate). 

Tidal volrnne (TV): Amount of air inspired and then expired 
with eaeh breath under resting eonditions (500 ml) 

Inspiratory reserve volume (IRV): Amount of air that ean 
be forcefully inspired after a normal tidal volume inspiration 
(male, 3100 ml; female, 1900 ml) 

Expiratory reserve volume (ERV): Amount of air that ean 
be forcefully expired after a normal tidal volume expiration 
(male, 1200 ml; female, 700 ml) 

Residual volume (RV): Amount of air remaining in the 
lungs after forceful and eomplete expiration (male, 1200 ml; 
female, 1100 ml) 

Respiratory eapaeities are calculated from the respira- 
tory volumes. In this aetivity you will calculate the following 
respiratory eapaeities. 

Total lung eapaeity (TLC): Maximum amount of air eon- 
tained in lungs after a maximum inspiratory effort: TLC = 
TV + IRV + ERV + RV (male, 6000 ml; female, 4200 ml) 

Vital eapaeity (VC): Maximum amount of air that ean be 
inspired and then expired with maximal effort: VC = TV + 
IRV + ERV (male, 4800 ml; female 3100 ml) 

You will also perform two pulmonary function tests in 
this aetivity. 

Foreed vital eapaeity (FVC): Amount of air that ean be 
expelled when the subject takes the deepest possible inspi- 
ration and forcefully expires as eompletely and rapidly as 
possible 

Foreed expiratory volume (FEV^): Measures the pereent- 
age of the vital eapaeity that is expired during 1 seeond of the 
FVC test (normally 75%-85% of the vital eapaeity) 


r \ 

EQUIPMENT USED The following equipment will 

be depieted on-sereen: simulated human lungs suspended 
in a glass bell jar; rnbber diaphragm—used to seal the jar 
and ehange the volume and, thus, pressure in the jar (As 
the diaphragm moves inferiorly, the volume in the bell 
jar inereases and the pressure drops slightly, ereating a 
partial vacuum in the bell jar. This partial vacuum causes 
air to be sucked into the tube at the top of the bell j ar and 
then into the simulated lungs. As the diaphragm moves 
up, the deereasing volume and rising pressure within 
the bell jar forees air out of the lungs.); adjustable air- 
flow tube—eonneets the lungs to the atmosphere; oseil- 
loseope; three different breathing patterns: normal tidal 
volumes, expiratory reserve volume (ERV), and foreed 
vital eapaeity (FVC). 


Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 

Exercise 7: Respiratory System Meehanies. Click 
Aetivity 1: Measuring Respiratory Volumes and Calcu- 
lating Capacities, and take the online Pre-lab Quiz for 
Aetivity 1. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



1. Note that the airway radius is set to 5.00 mm. Click 
Start to initiate the normal breathing patterns and establish 
the baseline (or normal) respiratory volumes. Observe the 
spirogram that develops on the oseilloseope and note that the 
simulated lungs breathe (ventilate) a tidal volume as a result 
of the eontraetion and relaxation of the diaphragm. 

2. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 1). 

3. Click Clear Traeings to elear the spirogram on the 
oseilloseope. 

4. You will now eomplete the measurement of respiratory 
volumes and determine the respiratory eapaeities. First, eliek 
Start to initiate the normal breathing pattern. After 10 seeonds, 
eliek ERV. Wait another 10 seeonds and then eliek FVC to 
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C H ART 1 


Respiratory Volumes and Capacities 


Radius 

(mm) 

Flow (ml/ 
min) 

TV (ml) 

ERV (ml) 

IRV (ml) 

RV (ml) 

VC (ml) 

FEV.| (ml) 

TLC (ml) 
























































eomplete the measurement of respiratory volumes. When you 
eliek ERV, the program will simulate foreed expiration using 
the eontraetion of the internal intereostal muscles and abdom- 
inal-wall muscles. When you eliek FVC, the lungs will first 
inspire maximally and then expire fully to demonstrate foreed 
vital eapaeity. 

5. Note that, in addition to the tidal volume, the expiratory 
reserve volume, inspiratory reserve volume, and residual vol- 
ume were measured. The vital eapaeity and total lung eapae- 
ity were calculated from those volumes. Click Reeord Data 
to display your results in the grid (and reeord your results in 
Chart 1). 

6. Minute ventilation is the amount of air that flows into 

and then out of the lungs in a minute. Minute ventilation 
(ml/min) = TV (ml/breath) X BPM (breaths/min). Enter the 
minute ventilation in the field below and then eliek Submit 
to reeord your answer in the lab report._ml/min 

PREDICT Question 1 

Lung diseases are often elassified as obstmetive 
or restrietive. An obstmetive disease affeets 
airflovv, and a restrietive disease usually 
reduces volumes and eapaeities. Although they are 
not diagnostie, pulmonary function tests such as 
foreed expiratory volume (FEV^) ean help a elinieian 
determine the differenee betvveen obstmetive and 
restrietive diseases. Speeifieally, an FEV^ is the 
foreed volume expired in 1 seeond. 

In obstmetive diseases such as ehronie bronehitis 
and asthma, airvvay radius is deereased. Thus, FEV^ 
will: 


7. You will now explore what effeet ehanging the airway 
radius has on pulmonary function. Deerease the airway 
radius to 4.50 mm by elieking the - button beneath the air- 
way radius display. 

8. Click Start to initiate the normal breathing pattern. 
After 10 seeonds, eliek ERV. Wait another 10 seeonds and 
then eliek FVC. The FEV^ will appear in the FEV^ display 
beneath the oseilloseope. 


9. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 1). 

10. You will now gradually deerease the airway radius. 

• Deerease the airway radius by 0.50 mm by elieking the 
- button beneath the airway radius display. 

• Click Start to initiate the normal breathing pattern. 
After 10 seeonds, eliek ERV. Wait another 10 seeonds 
and then eliek FVC. The FEV^ will appear in the FEV^ 
display beneath the oseilloseope. 

• Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 1). 

Repeat this step until you reaeh an airway radius of 

3.00 mm. 

11. A useful way to express FEV^ is as a pereentage of the 
foreed vital eapaeity (FVC). Using the FEV^ and FVC values 
from the data grid, calculate the FEV^ (%) by dividing the 
FEV^ volume by the FVC volume (in this ease, the VC is 
equal to the FVC) and multiply by 100%. Enter the FEV^ (%) 
for an airway radius of 5.0 mm in the field below and then 
eliek Siibmit to reeord your answer in the lab report. 

FEV^ (%) for an airway radius of 5.0 (mm):_ 

12. Enter the FEV^ (%) for an airway radius of 3.00 mm in 
the field below and then eliek Submit to reeord your answer 
in the lab report. 

FEV^ (%) for an airway radius of 3.00 (mm):_ 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 1. 

Aetivity Questions 

1. When you forcefully exhale your entire expiratory 
reserve volume, any air remaining in your lungs is ealled the 
residual volume (RV). Why is it impossible to further exhale 
the RV (that is, where is this air volume trapped, and why is 
it trapped)? 
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2. How do you measure a person’s RV in a laboratory? 


3. Draw a spirogram that depiets a person’s volumes and 
eapaeities before and during a signifieant cough. 


A C T I V I T Y 2 


Oomparative Spsrometry 

OBJECTIVES 

1. To understand the terms spirometry, spirogram, 
emphysema, asthma, inhaler, moderate exercise, heavy 
exercise, tidal volume (TV), expiratory reserve volume 
(ER V), inspiratory reserve volume (IRV), residual volume 
(RV), vital eapaeity (VC), total !ung eapaeity (TLC), foreed 
vital eapaeity (FVC), and foreed expiratory volume in one 
seeond (FEVJ. 

2. To observe and eompare spirograms eolleeted from 
resting, healthy patients to those taken from an 
emphysema patient. 

3. To observe and eompare spirograms eolleeted from 
resting, healthy patients to those taken from a patient 
suffering an acute asthma attaek. 

4. To observe and eompare the spirogram eolleeted from 
an asthmatie patient vvhile suffering an acute asthma 
attaek to that taken after the patient uses an inhaler for 
relief. 

5. To observe and eompare spirograms eolleeted from 
volunteers engaged in moderate exercise and heavy 
exercise. 


ntroduction 

In this aetivity you will explore the ehanges to normal 
respiratory volumes and eapaeities when pathophysiology 
develops and during aerobie exercise by reemiting volun- 
teers to breathe into a water-filled spirometer. The spirom- 
eter is a deviee that measures the volume of air inspired 
and expired by the lungs over a speeified period of time. 
Several lung eapaeities and flow rates ean be calculated 
from this data to assess pulmonary function. With your 
knowledge of respiratory meehanies, you ean prediet, doe- 
ument, and explain ehanges to the volumes and eapaeities 
in eaeh state. 

Emphysema breathing: With emphysema, there is a sig- 
nifieant loss of elastie reeoil in the lung tissue. This loss of 
elastie reeoil occurs as the disease destroys the walls of the 
alveoli. Airway resistanee is also inereased as the lung tissue 


in general beeomes more flimsy and exerts less anehoring 
on the surrounding airways. Thus, the lung beeomes overly 
eompliant and expands easily. Conversely, a great effort is 
required to expire because the lungs ean no longer passively 
reeoil and deflate. Eaeh expiration requires a notieeable and 
exhausting muscular effort, and a person with emphysema 
expires slowly. 

Acute asthma attaek breathing: During an acute asthma 
attaek, bronehiole smooth muscle spasms and, thus, the 
airways beeome eonstrieted (that is, reduced in diameter). 
They also beeome elogged with thiek mucus seeretions. These 
ehanges lead to signifieantly inereased airway resistanee. 

Underlying these symptoms is an airway inflammatory 
response brought on by triggers such as allergens (for exam- 
ple, dust and pollen), extreme temperature ehanges, and even 
exercise. Like with emphysema, the airways eollapse and 
pineh elosed before a foreed expiration is eompleted. Thus, 
the volumes and peak flow rates are signifieantly reduced 
during an asthma attaek. Unlike with emphysema, the elastie 
reeoil is not diminished in an acute asthma attaek. 

When an acute asthma attaek occurs, many people seek to 
relieve symptoms with an inhaler, which atomizes the mediea- 
tion and allows for direet applieation onto the afflieted airways. 
Usually, the medieation includes a smooth muscle relaxant 
(for example, a (3 2 agonist or an aeetyleholine antagonist) that 
relieves the bronehospasms and induces bronehiole dilation. 
The medieation ean also eontain an anti-inflammatory agent, 
such as a eortieosteroid, that suppresses the inflammatory 
response. The use of the inhaler reduces airway resistanee. 

Breathing during exercise: During moderate aerobie exer- 
eise, the human body has an inereased metabolie demand, 
which is met, in part, by ehanges in respiration. Speeifieally, 
both the rate of breathing and the tidal volume inerease. 
These two respiratory variables do not inerease by the same 
amount. The inerease in the tidal volume is greater than the 
inerease in the rate of breathing. During heavy exercise, fur- 
ther ehanges in respiration are required to meet the extreme 
metabolie demands of the body. In this ease both the rate of 
breathing and the tidal volume inerease to their maximum 
tolerable limits. 

r x 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: a elassie water-filled spirom- 
eter with an attaehed rotating drum that reeords the analog 
spirogram in real time; breathing patterns from a variety 
of patients: unforced breathing and foreed vital eapaeity 
for a “normal” patient, a patient with emphysema, and a 
patient with asthma (during an attaek and after using an 
inhaler); and the breathing patterns from a patient during 
moderate and heavy exercise. 

v___ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 7: Respiratory System Meehanies. Click 
Aetivity 2: Comparative Spirometry, and take the online 
Pre-lab Quiz for Aetivity 2. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 












PEx-110 


Exercise 7 


instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 
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1. Seleet Normal from the patient type drop-down menu. 
As you explore the various breathing patterns, these normal 
patient values will serve as the basis for eomparison. 

2. Seleet IJnforeed Breathing from the breathing pattern 
drop-down menu. 

3. Click Start to reeord the patient’s unforced breathing 
pattern and watch as the drum starts turning and the spirogram 
develops on the paper rolling off the dmm. 

4. Note the volume levels (in milliliters) on the Y-axis of 
the spirogram. When half the sereen is filled with unforced 
tidal volumes and the spirogram has paused, seleet Foreed 
Yital Capacity from the breathing pattern drop-down menu. 

5. Click Start to reeord the patient’s foreed vital eapaeity. 
The spirogram ends as the paper rolls to the right edge of the 
sereen. 

6. Click on eaeh of the buttons in the data reeorder to 
measure respiratory volumes and eapaeities. Start with tidal 
volume (TV) and work your way to the right. When you 
measure eaeh volume or eapaeity, (1) a braeket appears on 


the spirogram to indieate where that measurement originates 
and (2) the value (in milliliters) displays in the grid. After you 
eomplete all the measurements, the FEV! (%) ratio will auto- 
matieally be calculated. The FEV! (%) = (FEVi/FVe) X 
100%. Reeord your results in Chart 2. 


PREDICT Question 1 

With emphysema, there is a signifieant loss of 
elastie reeoil in the lung tissue and a notieeable, 
exhausting muscular effort is required for eaeh 
expiration. Inspiration actually beeomes easier 
because the lung is now overly eompliant. What lung 
values will ehange (from those of the normal patient) 
in the spirogram when the patient with emphysema 
is seleeted? 


7. Seleet Emphysema from the patient type drop-down 
menu. 

8. Seleet Unforced Breathing from the breathing pattern 
drop-down menu. 

9. Click Start to reeord the patient’s unforced breathing 
pattern and watch as the drum starts turning and the spirogram 
develops on the paper rolling off the dmm. 

10. Note the volume levels on the Y-axis of the spirogram. 
When half the sereen is filled with unforced tidal volumes 
and the spirogram has paused, seleet Foreed Vital Capacity 
from the breathing pattern drop-down menu. 

11. Click Start to reeord the patient’s foreed vital eapaeity. 
The spirogram ends as the paper rolls to the right edge of the 
sereen. 

12. Click on eaeh of the buttons in the data reeorder to 
measure respiratory volumes and eapaeities. Start with tidal 
volume (TV) and work your way to the right. Reeord your 
results in Chart 2. 


CHART 2 


Spirometry Results 


Patient type 

TV (ml) 

ERV (ml) 

IRV (ml) 

RV (ml) 

FVC (ml) 

TLC (ml) 

FEV^ (ml) 

FEV, (%) 

Normal 









Emphysema 









Acute asthma 
attaek 









Plus inhaler 









Moderate 

exercise 









Heavy 

exercise 
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PREDICT Question 2 

During an acute asthma attaek, airvvay resistanee 
is signifieantly inereased by (1) inereased thiek 
mucous seeretions and (2) airvvay smooth 
muscle spasms. What lung values vvill ehange (from 
those of the normal patient) in the spirogram for a 
patient suffering an acute asthma attaek? 


13. Seleet Acute Asthma Attaek from the patient type 
drop-down menu. 

14. Seleet Unforced Breathing from the breathing pattern 
drop-down menu. 

15. Click Start to reeord the patient’s uforced breathing pat- 
tern and watch as the dmm starts turning and the spirogram 
develops on the paper rolling off the dmm. 

16. Note the volume levels on the Y-axis of the spirogram. 
When half the sereen is filled with unforced tidal volumes 
and the spirogram has paused, seleet Foreed Vital Capacity 
from the breathing pattern drop-down menu. 

17. Click Start to reeord the patient’s foreed vital eapaeity. 
The spirogram ends as the paper rolls to the right edge of the 
sereen. 

18. Click on eaeh of the buttons in the data reeorder to 
measure respiratory volumes and eapaeities. Start with tidal 
volume (TV) and work your way to the right. Reeord your 
results in Chart 2. 

PREDIOT Question 3 

When an acute asthma attaek occurs, many 
people seek relief from the inereased airvvay 
resistanee by using an inhaler. This deviee 
atomizes the medieation and induces bronehiole 
dilation (though it ean also eontain an anti- 
inflammatory agent). What lung values will ehange 
baek to those of the normal patient in the spirogram 
after the asthma patient uses an inhaler? 


19. Seleet Plus Inhaler from the patient type drop-down 
menu. 

20. Seleet Unforced Breathing from the breathing pattern 
drop-down menu. 

21. Click Start to reeord the patient’s unforced breathing 
pattern and watch as the dmm starts turning and the spirogram 
develops on the paper rolling off the dmm. 

22. Note the volume levels on the Y-axis of the spirogram. 
When half the sereen is filled with unforced tidal volumes 
and the spirogram has paused, seleet Foreed Vital Capacity 
from the breathing pattern drop-down menu. 

23. Click Start to reeord the patient’s foreed vital eapaeity. 
The spirogram ends as the paper rolls to the right edge of the 
sereen. 


24. Click on eaeh of the buttons in the data reeorder to 
measure respiratory volumes and eapaeities. Start with tidal 
volume (TV) and work your way to the right. Reeord your 
results in Chart 2. 

PREDICT Question 4 

During moderate aerobie exercise, the human 
body will ehange its respiratory eyele in order 
to meet inereased metabolie demands. During 
heavy exercise, further ehanges in respiration are 
required to meet the extreme metabolie demands of 
the body. Which lung value will ehange more during 
moderate exercise, the ERV or the IRV? 


25. Seleet Moderate Exercise from the patient type drop- 
down menu. Note that the seleetion of a breathing pattern 
is not applieable because our eentral nervous system auto- 
matieally adjusts and maintains the depth and frequency of 
breathing to meet the inereased metabolie demands while 
we exercise. We do not normally alter this pattern with eon- 
scious intervention. 

26. Click Start to reeord the patient’s breathing pattern and 
watch as the drum starts turning and the spirogram develops 
on the paper rolling off the drum. 

27. Click on eaeh of the buttons in the data reeorder to 
measure respiratory vohimes and eapaeities. Start with tidal 
volume (TV) and work your way to the right. ND indieates 
this measurement or calculation was not done. Reeord your 
results in Chart 2. 

28. Seleet Heavy Exercise from the patient type drop-down 
menu. 

29. Click Start to reeord the patient’s breathing pattern and 
watch as the drum starts turning and the spirogram develops 
on the paper rolling off the drum. 

30. Click on eaeh of the buttons in the data reeorder to 
measure respiratory volumes and eapaeities. Start with tidal 
volume (TV) and work your way to the right. Reeord your 
results in Chart 2. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 2. 

Aetivity Questions 

1. Why is residual volume (RV) above normal in a patient 
with emphysema? 


2. Why did the asthmatie patient’s inhaler medieation fail 
to return all volumes and eapaeities to normal values right 
away? 
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3. Looking at the spirograms generated in this aetivity, 
state an easy way to determine whether a person’s exercising 
effort is moderate or heavy. 



A C T I V I T Y 3 


Effeet of Siirfaetant and lntrapleural 
Pressure on Respiration 

OBJECTIVES 

1. To understand the terms surfactant, surface tension, 
intrapleural spaee, intrapleural pressure, pneumothorax, 
and ateleetasis. 

2. To understand the effeet of surfactant on surface 
tension and lung function. 

3. To understand how negative intrapleural pressure 
prevents lung eollapse. 


lntroduction 

At any gas-liquid boundary, the molecules of the liquid are 
attraeted more strongly to eaeh other than they are to the gas 
molecules. This unequal attraetion produces tension at the 
liquid surface, ealled surface tension. Because surface ten- 
sion resists any foree that tends to inerease surface area of 
the gas-liquid boundary, it aets to deerease the size of hollow 
spaees, such as the alveoli, or mieroseopie air spaees within 
the lungs. 

If the film lining the air spaees in the lung were 
pure water, it would be very difficult, if not impossible, 
to inflate the lungs. However, the aqueous film eovering 
the alveolar surfaces eontains surfactant, a detergent-like 
mixture of lipids and proteins that deereases surface ten- 
sion by reducing the attraetion of water molecules to eaeh 
other. You will explore the importanee of surfactant in this 
aetivity. 

Between breaths, the pressure in the pleural eavity, 
the intrapleural pressure, is less than the pressure in the 
alveoli. Two forees cause this negative pressure eondition: 

(1) the tendeney of the lung to reeoil because of its elastie 
properties and the surface tension of the alveolar fluid and 

(2) the tendeney of the eompressed ehest wall to reeoil and 
expand outward. These two forees pull the lungs away from 
the thoraeie wall, ereating a partial vacuum in the pleural 
eavity. 

Because the pressure in the intrapleural spaee is lower 
than atmospherie pressure, any opening ereated in the pleu- 
ral membranes equalizes the intrapleural pressure with 
atmospherie pressure by allowing air to enter the pleural 
eavity, a eondition ealled pneumothorax. A pneumothorax 
ean then lead to lung eollapse, a eondition ealled ateleetasis. 
In this aetivity, the intrapleural spaee is the spaee between 
the wall of the glass bell jar and the outer wall of the lung 
it eontains. 


f \ 

EQUIPMENT USED The following equipment will be 
depieted on-sereen: simulated human lungs suspended in a 
glass bell jar; mbber diaphragm—used to seal the jar and 
ehange the volume and, thus, pressure in the jar (As the dia- 
phragm moves inferiorly, the volume in the bell j ar inereases 
and the pressure drops slightly, ereating a partial vacuum in 
the bell jar. This partial vacuum causes air to be sucked into 
the tube at the top of the bell j ar and then into the simulated 
lungs. As the diaphragm moves up, the deereasing volume 
and rising pressure within the bell jar forees air out of the 
lungs.); valve—allows intrapleural pressure in the left side 
of the bell jar to equalize with atmospherie pressure; sur- 
faetant—amphipathie lipids (dipalmitoylphosphatidyleho- 
line, phosphatidylglyeerol, and palmitie aeid) and short, 
synthetie peptides in a mixture that mimies the surfactant 
found in human lungs (surfactant molecules reduce surface 
tension in alveoli by adsorbing to the air-water interfaee, 
with their hydrophilie parts in the water and their hydropho- 
bie parts faeing toward the air); oseilloseope. 

v___ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 7: Respiratory System Meehanies. Click Aetivity 3: 
Effeet of Surfactant and Intrapleural Pressure on 
Respiration, and take the online Pre-lab Quiz for Aetivity 3. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 
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1. diek Start to initiate the normal breathing pattern and 
observe the traeing that develops on the oseilloseope. 

2. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 3). This data represents 
breathing in the absenee of surfactant. 

3. Click Surfactant twice to dispense two aliquots of the 
synthetie lipids and peptides onto the interior lining of the 
lungs. 

4. Click Start to initiate breathing in the presenee of sur- 
faetant and observe the traeing that develops. 

5. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 3). 
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CHART 3 


Effeet of Surfactant and lntrapleural Pressure on Respiration 


Surfactant 

lntrapleural 
pressure left 
(atm) 

lntrapleural 
pressure right 
(atm) 

Airflow left 
(ml/min) 

Airflow right 
(ml/min) 

Total airflow 
(ml/min) 












































n) PREDICT Question 1 

What effeet will adding more surfactant have on 
these lungs? 


6. Click Surfactant twice to dispense two more aliquots of 
the synthetie lipids and proteins onto the interior lining of the 
lungs. 

7. Click Start to initiate breathing in the presenee of addi- 
tional surfactant and observe the traeing that develops. 

8. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 3). 

9. Click Clear Traeings to elear the traeing on the 
oseilloseope. 

10. Click Flush to elear the lungs of surfactant from the 
previous run. 

11. Click Start to initiate breathing and observe the trae- 
ing that develops. Notiee the negative pressure eondition 
displayed below the oseilloseope when the lungs inflate. 

12. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 3). 

13. Click the valve on the left side of the glass bell jar to 
open it. 

14. Click Start to initiate breathing and observe the traeing 
that develops. 

15. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 3). 


16. Click the valve on the left side of the glass bell jar to 
elose it. 

17. Click Start to initiate breathing and observe the traeing 
that develops. 

18. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 3). 

19. Click the Reset button above the glass bell jar to draw 
the air out of the intrapleural spaee and return the lung to its 
normal resting eondition. 

20. Click Start to initiate breathing and observe the traeing 
that develops. 

21. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 3). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 3. 

Aetivity Questions 

1. Why is normal quiet breathing so difficult for premature 
infants? 


2. Why does a pneumothorax frequently lead to ateleetasis? 


) PREDICT Question 2 

What will happen to the eollapsed lung in the left 
side of the glass bell jar if you elose the valve? 
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NAME _ 

LAB TIME/DATE 







AOTIVITY 1 


Measiiring Respiratory Volumes and Calculating Gapaeíties 


1. What would be an example of an everyday respiratory event the ERV button simulates? 

2. What additional skeletal muscles are utilized in an ERV aetivity? 


3. What was the FEV^ (%) at the initial radius of 5.00 mm? 


4. What happened to the FEV^ (%) as the radius of the airways deereased? How well did the results eompare with your predietion? 


5. Explain why the results from the experiment suggest that there is an obstmetive, rather than a restrietive, pulmonary problem. 


A C T I V I T Y 2 


Comparative Spirometry 



What lung values ehanged (from those of the normal patient) in the spirogram when the patient with emphysema was 
seleeted? Why did these values ehange as they did? How well did the results eompare with your predietion? 


2. Which of these two parameters ehanged more for the patient with emphysema, the FVC or the FEV^?_ 

3. What lung values ehanged (from those of the normal patient) in the spirogram when the patient experiencing an acute asthma 
attaek was seleeted? Why did these values ehange as they did? How well did the results eompare with your predietion? 



How is having an acute asthma attaek similar to having emphysema? How is it different? 
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Review Sheet 7 



Deseribe the effeet that the inhaler medieation had on the asthmatie patient. Did all the spirogram values return to “normal”? 
Why do you think some values did not return all the way to normal? How well did the results eompare with your predietion? 



How much of an inerease in FEV^ do you think is required for it to be eonsidered signifieantly improved by the medieation? 



With moderate aerobie exercise, which ehanged more from normal breathing, the ERV or the IRV? How well did the results 
eompare with your predietion? 


8. Compare the breathing rates during normal breathing, moderate exercise, and heavy exercise. 


A C T I V I T Y 3 


Effeet of Surfactant and lntrapleural Pressure on Respiration 



What effeet does the addition of surfactant have on the airflow? How well did the results eompare with your predietion? 


2. Why does surfactant affeet airflow in this manner? 


3. What effeet did opening the valve have on the left lung? Why does this happen? 



What effeet on the eollapsed lung in the left side of the glass bell jar did you observe when you elosed the valve? How well 
did the results eompare with your predietion? 


5. What emergeney medieal eondition does opening the left valve simulate? 
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6. In the last part of this aetivity, you elieked the Reset button to draw the air out of the intrapleural spaee and return the lung 
to its normal resting eondition. What emergeney procedure would be used to aehieve this result if these were the lungs in a 
living person? 



What do you think would happen when the valve is opened if the two lungs were in a single large eavity rather than separate 


eavities? 
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Chemical and Physieal 
Proeesses of Digestion 

PRE-LAB Q U I Z 

1. Circle the eorreet underlined term: The liver / stomaeh produces pepsin 
which, in the presenee of hydroehlorie aeid, digests protein. 

2. _is a hydrolytie enzyme that breaks stareh down to 

maltose. 

a. Pepsin 

b. Salivary amylase 
e. Panereatie lipase 

d. Bile 

3. A_is made in order to eompare a known standard to 

an experimental standard. 

4. Circle True or False: A positive IKI test for stareh will yield a bright 
orange to green eolor. 

5. An enzyme has a poeket or_, which the substrate or 

substrates must fit into temporarily in order for eatalysis to occur. 

a. reagent 

b. hydrolase 

e. aetive site 

d. polysaeeharide 

6. During digestion, the ehief eells of the stomaeh seerete_, 

which is responsible for the digestion of protein. 

a. peptidase 

b. amylase 

e. lipase 

d. pepsin 

7. Circle the eorreet underlined term: Positive / Neaative eontrols are used 
to determine whether there are any eontaminating substances in the 
reagents used in an experiment. 

8. Circle True or False: At room temperature, both fats and oils are liquid 
and are soluble in water. 

9. A solution eontaining fatty aeids formed by lipase aetivity will have a 
_than a solution without such fatty aeid production. 

a. lower pH 

b. higher pH 

e. lower temperature 
d. higher temperature 


Exercise Overview 

The digestive system, also ealled the gastrointestinal system, eonsists of the 
digestive traet (also ealled the gastrointestinal traet, or GI traet) and aeeessory 
glands that seerete enzymes and fluids needed for digestion. The digestive traet 
includes the mouth, pharynx, esophagus, stomaeh, small intestine, eolon, rectum, 
and anus. The major functions of the digestive system are to ingest food, to break 
food down to its simplest eomponents, to extract nutrients from these eompo- 
nents for absorption into the body, and to eliminate wastes. 

Most of the food we consume eannot be absorbed into our bloodstream with- 
out first being broken down into smaller subunits. Digestion is the proeess of 
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Exercise 8 


Liver: 

produces bile for the 
emulsification of fats 
(ducted to the small 
intestine). 


Small intestine: 

produces enzymes 
for digestion of 
stareh and proteins. 



Salivary glands: 

produce salivary amylase 
for the digestion of 
stareh. 


Stomaeh glands: 

produce pepsin (in the 
presenee of HCI) for 
the digestion of proteins. 


Panereas: 

produces panereatie 
lipase for the digestion 
of fats, panereatie 
amylase for the digestion 
of stareh, and enzymes 
for digestion of proteins 
(enzymes are ducted to 
the small intestine). 


FIG U R E 8.1 The human digestive system. A few sites of ehemieal digestion and 
the organs that produce the enzymes of ehemieal digestion. 


breaking down food molecules into smaller molecules with 
the aid of enzymes in the digestive traet. Enzymes are large 
protein molecules produced by body eells. They are bio- 
logieal eatalysts that inerease the rate of a ehemieal reaetion 
without beeoming part of the product. The digestive enzymes 
are hydrolytie enzymes, or hydrolases, which break down 
organie food molecules, or substrates, by adding water to 
the molecular bonds, thus eleaving the bonds between the 
subunits, or monomers. 

A hydrolytie enzyme is highly speeifie in its aetion. 
Eaeh enzyme hydrolyzes one substrate molecule or, at most, 
a small group of substrate molecules. Speeifie environmental 


eonditions are neeessary for an enzyme to function optimally. 
For example, in extreme environments, such as high tem- 
perature, an enzyme ean unravel, or denature, because of the 
effeet that temperature has on the three-dimensional structure 
of the protein. 

Because digestive enzymes actually function outside 
the body eells in the digestive traet lumen, their hydrolytie 
aetivity ean also be studied in vitro in a test tube. Such in 
vitro studies provide a eonvenient laboratory environment for 
investigating the effeet of various faetors on enzymatie aetiv- 
ity. View Figure 8.1 for an overview of ehemieal digestion 
sites in the body. 
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A C T I V I T Y 1 


Assessing Stareh Digestion 
by Salivary Amylase 

OBJECTIVES 

1. To explain how enzyme aetivity ean be assessed with 
enzyme assays: the IKI assay and the Benediet’s assay. 

2. To define enzyme, eatalyst, hydrolase, substrate, and 
eon trol. 

3. To understand the speeifieity of amylase aetion. 

4. To name the end products of earbohydrate digestion. 

5. To perform the appropriate ehemieal tests to determine 
whether digestion of a particular food has occurred. 

6. To discuss the possible effeet of temperature and pH on 
amylase aetivity. 


lntroduction 

In this aetivity you will investigate the hydrolysis of stareh 
to maltose by salivary amylase, the enzyme produced by the 
salivary glands and seereted into the mouth. For you to be 
able to deteet whether or not enzymatie aetion has occurred, 
you need to be able to identify the presenee of the substrate 
and the product to determine to what extent hydrolysis has 
occurred. Thus, eontrols must be prepared to provide a 
known standard against which eomparisons ean be made. 
With positive eontrols, all of the required substances are 
included and a positive result is expected. Sometimes nega- 
tive eontrols are included. With negative eontrols, a negative 
result is expected. Negative results with negative eontrols 
validate the experiment. Negative eontrols are used to deter- 
mine whether there are any eontaminating substances in the 
reagents. So, when a positive result is produced but a nega- 
tive result is expected, one or more eontaminating substances 
are present to cause the ehange. 

With amylase aetivity, stareh deereases and maltose 
inereases as digestion proeeeds aeeording to the following 
equation. 

Stareh + water ►maltose 


Because the ehemieal ehanges that occur as stareh is 
digested to maltose eannot be seen by the naked eye, you 
need to conduct an enzyme assay, the ehemieal method 
of deteeting the presenee of digested substances. You will 
perform two enzyme assays on eaeh sample. The IKI assay 
deteets the presenee of stareh, and the Benediet’s assay 
tests for the presenee of reducing sugars, such as glucose 
or maltose, which are the digestion products of stareh. Nor- 
mally a earamel-eolored solution, IKI turns blue-black in the 
presenee of stareh. Benediet’s reagent is a bright blue solu- 
tion that ehanges to green to orange to reddish brown with 
inereasing amounts of maltose. It is important to understand 
that enzyme assays only indieate the presenee or absenee 
of substances. It is up to you to analyze the results of the 
experiments to deeide whether enzymatie hydrolysis has 
occurred. 


f \ 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: amylase—an enzyme that 

digests stareh; stareh—a complex earbohydrate substrate; 

maltose—a disaeeharide substrate; pH buffers—solutions 

used to adjust the pH of the solution; deionized water— 

used to adjust the volume so that it is the same for eaeh 

reaetion; test tubes—used as reaetion vessels for the vari- 

ous tests; incubators—used for temperature treatments 

(boiling, freezing, and 37°C incubation); IKI—found in 

the assay eabinet; used to deteet the presenee of stareh; 

Benediet’s reagent—found in the assay eabinet; used to 

deteet the products of stareh digestion (this includes the 

reducing sugars maltose and glucose). 

V___ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 8: Chemical and Physieal Proeesses of Digestion. 
Click Aetivity 1: Assessing Stareh Digestion by Salivary 
Amylase, and take the online Pre-lab Quiz for Aetivity 1. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



lncubation 

1. Drag a test tube to the first holder (1) in the incubation 
unit. Seven more test tubes will automatically be plaeed in 
the incubation unit. 

2. Add the substances indieated below to tubes 1 through 7. 
Tube 1: amylase, stareh, pH 7.0 buffer 

Tube 2: amylase, stareh, pH 7.0 buffer 

Tube 3: amylase, stareh, pH 7.0 buffer 

Tube 4: amylase, deionized water, pH 7.0 buffer 

Tube 5: deionized water, stareh, pH 7.0 buffer 

Tube 6: deionized water, maltose, pH 7.0 buffer 

Tube 7: amylase, stareh, pH 2.0 buffer 

Tube 8: amylase, stareh, pH 9.0 buffer 

To add a substance to a test tube, drag the dropper eap 
of the bottle on the solutions shelf to the top of the test tube. 
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Exercise 8 


3. Click the number (1) under the first test tube. The tube 
will deseend into the incubation unit. All other tubes should 
remain in the raised position. 

4. Click Boil to boil tube 1. After boiling for a few moments, 
the tube will automatically rise. 

5. Click the number (2) under the seeond test tube. The 
tube will deseend into the incubation unit. All other tubes 
should remain in the raised position. 

6. Click Freeze to freeze tube 2. After freezing for a few 
moments, the tube will automatically rise. 

7. Click Incubate to start the run. Note that the incubation 
temperature is set at 37°C and the timer is set at 60 min. The 
incubation unit will gently agitate the test tube raek, evenly 
mixing the eontents of all test tubes throughout the incuba- 
tion. The simulation eompresses the 60-minute time period 
into 10 seeonds of real time, so what would be a 60-minute 
incubation in real time will take only 10 seeonds in the simu- 
lation. When the incubation time elapses, the test tube raek 
will automatically rise, and the doors to the assay eabinet 
will open. 

PREDICT Question 1 

What effeet do you think boiling and freezing 
will have on the aetivity of the amylase enzyme? 


Assays 

After the assay eabinet doors open, notiee the two reagents in 
the assay eabinet. IKI tests for the presenee of stareh and Ben- 
ediet’s reagent deteets the presenee of reducing sugars, such as 
glucose or maltose, which are the digestion products of stareh. 
Below the reagents are eight small assay tubes into which you 


will dispense a small amount of test solution from the incu- 
bated samples in the incubation unit, plus a drop of IKI. 

8. Drag the first tube in the incubation unit to the first small 
assay tube on the left side of the assay eabinet to deeant 
approximately half of the eontents in the test tube into the 
assay tube. The deeanting step will automatically repeat for 
the remaining tubes in the incubation unit. 

9. Drag the IKI dropper eap to the first assay tube to dis- 
pense a drop of IKI into the assay tube. The dropper will 
automatically move aeross and dispense IKI to the remaining 
tubes. 

10. inspeet the tubes for eolor ehange. A blue-black eolor 
indieates a positive stareh test. If stareh is not present, the 
mixture will look like diluted IKI, a negative stareh test. 
Intermediate stareh amounts result in a pale-gray eolor. Click 
Reeord Data to display your results in the grid (and reeord 
your results in Chart 1). 

11. Drag the Benediet’s reagent dropper eap to the test tube 
in the first holder (1) in the incubation unit to dispense five 
drops of Benediet’s reagent into the tube. The dropper will 
automatically move aeross and dispense Benediet’s reagent 
to the remaining tubes. 

12. Click Boil. The entire tube raek will deseend into the 
incubation unit and automatically boil the tube eontents for a 
few moments. 

13. inspeet the tubes for eolor ehange. A green-to-reddish 
eolor indieates that a reducing sugar is present; this is a 
positive sugar test. An orange-eolored sample eontains more 
sugar than a green sample. A reddish-brown eolor indieates 
even more sugar. A negative sugar test is indieated by no 
eolor ehange from the original bright blue. Click Reeord 
Data to display your results in the grid (and reeord your 
results in Chart 1). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 1. 


C H ART 1 


Salivary Amylase Digestion of Stareh 


Tube No. 

1 

2 

3 

4 

5 

6 

7 

8 

Additives 

Amylase 
Stareh 
pH 7.0 

buffer 

Amylase 
Stareh 
pH 7.0 

buffer 

Amylase 
Stareh 
pH 7.0 

buffer 

Amylase 

Deionized 

water 

pH 7.0 

buffer 

Deionized 

water 

Stareh 
pH 7.0 

buffer 

Deionized 

water 

Maltose 
pH 7.0 

buffer 

Amylase 

Stareh 

pH 2.0 

buffer 

Amylase 

Stareh 

pH 9.0 

buffer 

Incubation 

eondition 

Boil 

first, then 
incubate at 
37°C for 60 
minutes 

Freeze 
first, then 
incubate at 
37°C for 60 
minutes 

37°C 

60 minutes 

37°C 

60 minutes 

37°C 

60 minutes 

37°C 

60 minutes 

37°C 

60 minutes 

37°C 

60 minutes 

IKI test 









Benediet’s 

test 
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Aetivity Questions 

1. Deseribe the effeet that boiling had on the aetivity of 
amylase. Why did boiling have this effeet? How does the 
effeet of freezing differ from the effeet of boiling? 


2. What is the purpose for including tube 3 and what ean 
you conclude from the result? 


3. Deseribe how you determined the optimal pH for 
amylase aetivity. 


4. Judging from what you learned in this aetivity, suggest 
a reason why salivary amylase would be much less aetive in 
the stomaeh. 



A C T I V I T Y 2 


Exploring Amylase Substrate Speeifieity 

OB JECTIVES 

1. Explain how hydrolytie enzyme aetivity ean be assessed 
with the IKI assay and the Benediet’s assay. 

2. llnderstand the speeifieity that enzymes have for their 
substrate. 

3. llnderstand the differenee between the substrates 
stareh and cellulose. 

4. Explain what would be the substrate speeifieity of 
peptidase. 

5. Explain how baeteria might aid in digestion. 


lntroduction 

In this aetivity you will investigate the speeifieity that 
enzymes have for their substrates. To do this you will 
hydrolyze stareh to maltose and maltotriose using salivary 
amylase, the enzyme produced by the salivary glands and 
seereted into the mouth. To deteet whether or not enzy- 
matie aetion has occurred, you need to be able to identify 
the presenee of the substrate and the product to determine 
to what extent hydrolysis has occurred. The substrate is the 
substance that the enzyme aets on. The enzyme has a poeket 
ealled the aetive site, which the substrate or substrates must 
fit into temporarily for eatalysis to occur. The substrate is 
often held in the aetive site by non-eovalent bonds (weak 
bonds), such as ionie bonds and hydrogen bonds. 


With amylase aetivity, stareh deereases and sugar inereases 
as digestion proeeeds aeeording to the following equation. 

Stareh + water amy ase > maltose + maltotriose + stareh 

Because the ehemieal ehanges that occur as stareh is 
digested to maltose eannot be seen by the naked eye, you 
need to conduct an enzyme assay, the ehemieal method 
of deteeting the presenee of digested substances. You will 
perform two enzyme assays on eaeh sample. The IKI assay 
deteets the presenee of stareh or cellulose and the Benediet’s 
assay tests for the presenee of reducing sugars, such as glu- 
eose or maltose, which are the digestion products of stareh. 
Normally a earamel-eolored solution, IKI turns blue-black in 
the presenee of stareh or cellulose. Benediet’s reagent is a 
bright blue solution that ehanges to green to orange to reddish 
brown with inereasing amounts of maltose. It is important to 
understand that enzyme assays only indieate the presenee or 
absenee of substances. It is up to you to analyze the results 
of the experiments to deeide whether enzymatie hydrolysis 
has occurred. 

Stareh is a polysaeeharide found in plants, where it is 
used to store energy. Plants also have the polysaeeharide 
eelliilose, which provides rigidity to their eell walls. Both 
polysaeeharides are polymers of glucose, but the glucose 
molecules are linked differently. You will be testing salivary 
amylase to determine whether it digests cellulose. Also, you 
will investigate to see whether a baeterial suspension ean 
digest cellulose and whether peptidase, a panereatie enzyme 
that digests peptides, ean break down stareh. 

r x 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: amylase—an enzyme that 

digests stareh; stareh—apolysaeeharide; pH 7.0 buffer—a 

solution used to set the pH of the test tube solution; deion- 

ized water—used to adjust the test tube solution volume 

so it is the same for eaeh reaetion; glucose—a reducing 

sugar that is the monosaeeharide subunit of both stareh 

and eelMose; cellulose—a complex earbohydrate found 

in the eell wall of plants; peptidase—a panereatie enzyme 

that breaks down peptides; baeteria—a suspension of live 

baeteria; test tubes—used as reaetion vessels for the vari- 

ous tests; incubators—used for temperature treatments 

(37°C incubation); IKI—found in the assay eabinet; used 

to deteet the presenee of stareh or eelMose; Benediet’s 

reagent—found in the assay eabinet; used to deteet the 

products of stareh and cellulose digestion. 

V___7 

Experiment instriietions 

Go to the home page in the PhysioEx software and eliek 
Exercise 8: Chemical and Physieal Proeesses of Digestion. 
Click Aetivity 2: Exploring Amylase Substrate Speeifie- 
Ìty, and take the online Pre-lab Quiz for Aetivity 2. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown on the following page. 






































PEx-124 


Exercise 8 



Ineiibation 

1. Drag a test tube to the first holder (1) in the incubation 
unit. Five more test tubes will automatically be plaeed in the 
incubation unit. 

2. Add the substances indieated below to tubes 1 through 6. 
Tube 1: amylase, stareh, pH 7.0 buffer 

Tube 2: amylase, glucose, pH 7.0 buffer 
Tube 3: amylase, cellulose, pH 7.0 buffer 
Tube 4: cellulose, pH 7.0 buffer, deionized water 
Tube 5: peptidase, stareh, pH 7.0 buffer 
Tube 6: baeteria, eelMose, pH 7.0 buffer 

To add a substance to a test tube, drag the dropper eap of 
the bottle on the soMions shelf to the test tube. 

3. Click Incubate to start the run. Note that the incubation 
temperature is set at 37°C and the timer is set at 60 min. The 
incubation unit will gently agitate the test tube raek, evenly 
mixing the eontents of all test tubes throughout the incuba- 
tion. The simulation eompresses the 60-minute time period 
into 10 seeonds of real time, so what would be a 60-minute 
incubation in real life will take only 10 seeonds in the simu- 
lation. When the incubation time elapses, the test tube raek 
will automatically rise, and the doors to the assay eabinet 
will open. 


5) PREDICT Question 1 

Do you think test tube 3 will show a positive 
Benediet’s test? 


Assays 

After the assay eabinet doors open, notiee the two reagents 
in the assay eabinet. IKI tests for the presenee of stareh and 
Benediet’s reagent deteets the presenee of reducing sugars, 
such as glucose or maltose, which are the digestion products 
of stareh. Below the reagents are seven small assay tubes into 
which you will dispense a portion of the incubated samples, 
plus a drop of IKI. 

4. Drag the first tube in the incubation unit to the first small 
assay tube on the left side of the assay eabinet to deeant 
approximately half of the eontents in the test tube into the 
assay tube. The deeanting step will automatically repeat for 
the remaining tubes in the incubation unit. 

5. Drag the IKI dropper eap to the first assay tube to dis- 
pense a drop of IKI into the assay tube. The dropper will 
automatically dispense IKI into the remaining tubes. 

6. inspeet the tubes for eolor ehange. A blue-black eolor 
indieates a positive stareh test. If stareh is not present, the 
mixture will look like diluted IKI, a negative stareh test. 
Intermediate stareh amounts result in a pale-gray eolor. Click 
Reeord Data to display your results in the grid (and reeord 
your results in Chart 2). 

7. Drag the Benediet’s reagent dropper eap to the test tube 
in the first holder (1) in the incubation unit to dispense five 
drops of Benediet’s reagent into the tube. The dropper will 
automatically move aeross and dispense Benediet’s reagent 
to the remaining tubes. 

8. Click Boil. The entire tube raek will deseend into the 
incubation unit and automatically boil the tube eontents for a 
few moments. 

9. inspeet the tubes for eolor ehange. A green-to-reddish 
eolor indieates that a reducing sugar is present; this is a 
positive sugar test. An orange-eolored sample eontains more 
sugar than a green sample. A reddish-brown eolor indieates 
even more sugar. A negative sugar test is indieated by no 


Enzyme Digestion of Stareh and Cellulose 


Tube No. 

1 

2 

3 

4 

5 

6 

Additives 

Amylase 

Stareh 

pH 7.0 buffer 

Amylase 

Glucose 
pH 7.0 buffer 

Amylase 

Cellulose 
pH 7.0 buffer 

Deionized water 
Cellulose 
pH 7.0 buffer 

Peptidase 

Stareh 

pH 7.0 buffer 

Baeteria 

Cellulose 
pH 7.0 buffer 

Incubation 

eondition 

37°C 

60 minutes 

37°C 

60 minutes 

37°C 

60 minutes 

37°C 

60 minutes 

37°C 

60 mimites 

37°C 

60 minutes 

IKI test 







Benediet’s test 








CHART 2 
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eolor ehange from the original bright blue. Click Reeord 
Data to display your results in the grid (and reeord your 
results in Chart 2). 

After you eomplete the Experiment, take the online Post- 
lab Quiz for Aetivity 2. 

Aetivity Questions 

1. Does amylase use cellulose as a substrate? 


2. What effeet did the addition of baeteria have on the 
digestion of cellulose? 


3. What effeet did the addition of peptidase to the stareh 
have? Why? 


4. What is the smallest subunit into which stareh ean be 
broken down? 



A C T I V I T Y 3 


Assessing Pepsin Digestion of Protein 

OBJECTIVES 

1. Explain how the enzyme aetivity of pepsin ean be 
assessed with the BAPNA assay. 

2. Identify the substrate speeifieity of pepsin. 

3. Discuss the effeets of temperature and pH on pepsin 
aetivity. 

4. LJnderstand the pH speeifieity of enzyme aetivity and 
how it relates to human physiology. 


lntroduction 

In this aetivity, you will explore the digestion of protein 
(peptides). Peptides are two or more amino aeids linked 
together by a peptide bond. A peptide ehain eontaining 10 to 
100 amino aeids is typieally ealled a polypeptide. Proteins 
ean eonsist of a large peptide ehain (more than 100 amino 
aeids) or even multiple peptide ehains. 

During digestion, ehief eells of the stomaeh glands seerete 
a protein-digesting enzyme ealled pepsin. Pepsin hydrolyzes 
peptide bonds. This aetivity breaks up ingested proteins and 
polypeptides into smaller peptide ehains and free amino aeids. 
In this aetivity, you will use BAPNA as a substrate to assess 
pepsin aetivity. BAPNA is a synthetie “peptide” that releases 


a yellow dye product when hydrolyzed. BAPNA solutions 
turn yellow in the presenee of an aetive peptidase, such as 
pepsin, but otherwise remain eolorless. 

To quantify the pepsin aetivity in eaeh test solution, you 
will use a speetrophotometer to measure the amount of yel- 
low dye produced. A speetrophotometer shines light through 
the sample and then measures how much light is absorbed. 
The fraetion of light absorbed is expressed as the sample’s 
optieal density. Yellow solutions, where BAPNA has been 
hydrolyzed, will have optieal densities greater than zero. The 
greater the optieal density, the more hydrolysis has occurred. 
Colorless solutions, in eontrast, do not absorb light and will 
have an optieal density near zero. 

Some negative eontrols are included in this aetivity. 
With negative eontrols, a negative result is expected. Nega- 
tive results with negative eontrols validate the experiment. 
Negative eontrols are used to deterMne whether there are any 
eontaminating substances in the reagents. So, when a positive 
result is produced but a negative result is expected, one or more 
eontaminating substances are present to cause the ehange. 

f A 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: pepsin—an enzyme that 

digests peptides; BAPNA—a synthetie “peptide”; pH 

buffers—solutions used to set the pH of the test tube 

solution; deionized water—used to adjust the test tube 

soMion volume so it is the same for eaeh reaetion; test 

tubes—used as reaetion vessels for the various tests; 

incubators—used for temperature treatments (boiling and 

37°C incubation); speetrophotometer—found in the assay 

eabinet; used to measure the optieal density of solutions. 
v__:_ J 


Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 8: Chemical and Physieal Proeesses of Digestion. 
Click Aetivity 3: Assessing Pepsin Digestion of Protein, 

and take the online Pre-lab Quiz for Aetivity 3. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



lncubation 

1. Drag a test tube to the first holder (1) in the incubation 
unit. Five more test tubes will automatically be plaeed in the 
incubation unit. 
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Exercise 8 


2. Add the substances indieated below to tubes 1 through 6. 
Tube 1: pepsin, BAPNA, pH 2.0 buffer 

Tube 2: pepsin, BAPNA, pH 2.0 buffer 
Tube 3: pepsin, deionized water, pH 2.0 buffer 
Tube 4: deionized water, BAPNA, pH 2.0 buffer 
Tube 5: pepsin, BAPNA, pH 7.0 buffer 
Tube 6: pepsin, BAPNA, pH 9.0 buffer 

To add a substance to a test tube, drag the dropper eap of 
the bottle on the solutions shelf to the test tube. 

3. Click the number (1) under the first test tube. The tube 
will deseend into the incubation unit. All other tubes should 
remain in the raised position. 

4. Click Boil to boil tube 1. After boiling for a few moments, 
the tube will automatically rise. 

5. Click Incubate to start the run. Note that the incubation 
temperature is set at 37°C and the timer is set at 60 min. The 
incubation unit will gently agitate the test tube raek, evenly 
mixing the eontents of all test tubes throughout the incuba- 
tion. The simulation eompresses the 60-minute time period 
into 10 seeonds of real time, so what would be a 60-minute 
incubation in real life will take only 10 seeonds in the simu- 
lation. When the incubation time elapses, the test tube raek 
will automatically rise, and the doors to the assay eabinet will 
open. The speetrophotometer is in the assay eabinet. 


P R E DICT Quesfion 1 

At vvhieh pH do you think pepsin will have the 
highest aetivity? 


Assays 

6. You will now use the speetrophotometer to measure how 
much yellow dye was liberated from BAPNA hydrolysis. 
Drag the first tube in the incubation unit to the holder in the 
speetrophotometer to drop the tube into the holder. 


7. Click Analyze. The speetrophotometer will shine light 
through the solution to measure the amount of light absorbed, 
which it reports as the solution’s optieal density. The optieal 
density of the sample is shown in the optieal density display. 


8. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 3). 

9. Drag the tube to its original position in the incubation 
unit. 

10. Analyze the remaining five tubes by repeating the 
following steps for eaeh tube. 

• Drag the tube to the holder in the speetrophotometer to 
drop the tube into the holder. 

• Click Analyze. 

• Drag the tube to its original position in the incubation 
unit. 

After you have analyzed all five tubes, eliek Reeord 
Data to display your results in the grid (and reeord your 
results in Chart 3). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 3. 

Aetivity Questions 

1. Deseribe the signifieanee of the optimum pH for pepsin 
observed in the simulation and the seeretion of pepsin by the 
ehief eells of the gastrie glands. 


2. Would pepsin be aetive in the mouth? Explain your 
answer. 


3. What are the subunit products of peptide digestion? 


4 Deseribe the reason for including eontrol tube 4. 



GHART 3 


Pepsin Digestion of Protein 


Tube No. 

1 

2 

3 

4 

5 

6 

Additives 

Pepsin 

BAPNA 
pH 2.0 buffer 

Pepsin 

BAPNA 
pH 2.0 buffer 

Pepsin 

Deionized water 
pH 2.0 buffer 

Deionized water 
BAPNA 
pH 2.0 buffer 

Pepsin 

BAPNA 
pH 7.0 buffer 

Pepsin 

BAPNA 
pH 9.0 buffer 

Incubation 

eondition 

Boil first, then 
incubate at 37°C 
for 60 mimites 

37°C 

60 minutes 

37°C 

60 minutes 

37°C 

60 minutes 

37°C 

60 mimites 

37°C 

60 minutes 

Optieal density 
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A C T I V I T Y 4 


Assessing Lipase Digestion of Fat 

OBJECTIVES 

1. Explain how the enzyme aetivity of panereatie lipase ean 
be assessed with a pH-based measurement. 

2. Identify the hydrolysis products of fat digestion. 

3. llnderstand the role that bile plays in fat digestion. 

4. llnderstand the signifieanee of pH speeifieity of lipase 
aetivity and how it relates to human physiology. 

5. Discuss the difficulty of using pH to measure digestion 
when eomparing the aetivity of lipase at various pHs. 


lntroduction 


Fats and oils belong to a diverse elass of molecules ealled 
lipids. Triglyeerides, a type of lipid, make up both fats and 
oils. At room temperature, fats are solid and oils are liquid. 
Both are poorly soluble in water. This insolubility of triglye- 
erides presents a ehallenge during digestion because they 
tend to clump together, leaving only the surface molecules 
exposed to lipase enzymes. To overeome this difficulty, bile 
salts are seereted into the small intestine during digestion 
to physieally emulsify lipids. Bile salts aet like a detergent, 
separating the lipid clumps and inereasing the surface area 
aeeessible to lipase enzymes. 

As a result, two reaetions must occur. First, 


Triglyeeride clumps 


bile 


(emulsification) 


>minute triglyeeride droplets 


Then, 

Triglyeeride 


lipase 


monoglyeeride + two fatty aeids 


Lipase hydrolyzes eaeh triglyeeride to a monoglye- 
eride and two fatty aeids. In addition to the panereatie 
lipase seereted into the small intestine, lingual lipase and 
gastrie lipase are also seereted. Even though bile salts are 
not seereted in the mouth or the stomaeh, small amounts of 
lipids are digested by these other lipases. 

Because some of the end products of fat digestion are 
aeidie (that is, fatty aeids), lipase aetivity ean be easily mea- 
sured by monitoring the solution’s pH. A solution eontaining 
fatty aeids liberated by lipase aetivity will have a lower pH 
than a solution without such fatty aeid production. You will 
reeord pH in this aetivity with a pH meter. 


( 'N 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: lipase—an enzyme that 

digests triglyeerides; vegetable oil—a mixture of triglye- 

erides; bile salts—a solution that physieally separates fats 

into smaller droplets; pH buffers—solutions used to set 

the pH of the test tube solution; deionized water—used 

to adjust the test tube solution volume so it is the same 

for eaeh reaetion; test tubes—used as reaetion vessels for 

the various tests; incubators—used for temperature treat- 

ments (boiling and 37°C incubation); pH meter—found in 

the assay eabinet; used to measure pH. 
v_____ J 


Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 8: Chemical and Physieal Proeesses of Digestion. 
Click Aetivity 4: Assessing Lipase Digestion of Fat, and 

take the online Pre-lab Quiz for Aetivity 4. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instraetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



lncubation 

1. Drag a test tube to the first holder (1) in the incubation 
unit. Five more test tubes will automatically be plaeed in the 
incubation unit. 

2. Add the substances indieated below to tubes 1 through 6. 
Tube 1: lipase, vegetable oil, bile salts, pH 7.0 buffer 
Tube 2: lipase, vegetable oil, deionized water, pH 7.0 buffer 
Tube 3: lipase, deionized water, bile salts, pH 9.0 buffer 
Tube 4: deionized water, vegetable oil, bile salts, pH 7.0 buffer 
Tube 5: lipase, vegetable oil, bile salts, pH 2.0 buffer 

Tube 6: lipase, vegetable oil, bile salts, pH 9.0 buffer 

To add a substance to a test tube, drag the dropper eap of 
the bottle on the solutions shelf to the test tube. 

3. Click Incubate to start the ran. Note that the incubation 
temperature is set at 37°C and the timer is set at 60 min. The 
incubation unit will gently agitate the test tube raek, evenly 
mixing the eontents of all test tubes throughout the incuba- 
tion. The simulation eompresses the 60-minute time period 
into 10 seeonds of real time, so what would be a 60-minute 
incubation in real life will take only 10 seeonds in the simu- 
lation. When the incubation time elapses, the test tube raek 
will automatically rise, and the doors to the assay eabinet 
will open. 
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Exercise 8 


PREDICT Question 1 

Which tube do you think will have the highest 
lipase aetivity? 


Aetivity Questions 

1. Deseribe how lipase aetivity is measured in the 
simulation. 


Assays 

4. After the assay eabinet doors open, you will see a pH 
meter that you will use to measure the final pH of your test 
solutions. Drag the first tube in the incubation unit to the 
holder in the pH meter to drop the tube into the holder. 

5. Click Measure pH. A probe will deseend into the sam- 
ple, take a pH reading, and then retraet. 

6. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). 

7. Drag the tube to its original position in the incubation 
unit. 

8. Measure the pH in the remaining five tubes by repeating 
the following steps for eaeh tube. 

• Drag the tube in the incubation unit to the holder in the 
pH meter to drop the tube into the holder. 

• ClickMeasure P H. 

• Drag the tube to its original position in the incubation 
unit. 

After you have measured the pH in all five tubes, eliek 
Reeord Data to display your results in the grid (and reeord 
your results in Chart 4). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 4. 


2. Can you determine if fat hydrolysis occurred in tube 5? 
Why or why not? 


3. Would panereatie lipase be aetive in the mouth? Why or 
why not? 


4. Deseribe the physieal separation of fats by bile salts. 



Panereatie Lipase Digestion of Triglyeerides and the Aetion of Bile 


Tube No. 

1 

2 

3 

4 

5 

6 

Additives 

Lipase 

Vegetable oil 

Bile salts 
pH 7.0 buffer 

Lipase 

Vegetable oil 
Deionized water 
pH 7.0 buffer 

Lipase 

Deionized water 
Bile salts 
pH 9.0 buffer 

Deionized water 
Vegetable oil 

Bile salts 
pH 7.0 buffer 

Lipase 

Vegetable oil 

Bile salts 
pH 2.0 buffer 

Lipase 

Vegetable oil 

Bile salts 
pH 9.0 buffer 

Incubation 

eondition 

37°C 

60 minutes 

37°C 

60 minutes 

37°C 

60 minutes 

37°C 

60 mimites 

37°C 

60 minutes 

37°C 

60 minutes 

pH 
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V I E W S H 



NAME _ 

LAB TIME/DATE 








AOTIVITY 1 


Assessing Stareh Digestion by Salivary Amylase 


1. List the substrate and the subunit product of amylase. 



What effeet did boiling and freezing have on enzyme aetivity? Why? How well did the results eompare with your predietion? 


3. At what pH was the amylase most aetive? Deseribe the signifieanee of this result. 


4. Briefly deseribe the need for eontrols and give an example used in this aetivity. 


5. Deseribe the signifieanee of using a 37°C incubation temperature to test salivary amylase aetivity. 



Exploring Amylase Substrate Speeifieity 


1. Deseribe why the results in tube 1 and tube 2 are the same. 


2. Deseribe the result in tube 3. How well did the results eompare with your predietion? 


3. Deseribe the usual substrate for peptidase 


4. Explain how baeteria ean aid in digestion 
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Revievv Sheet 8 


ACTIVITY 3 


Assessing Pepsin Digestion of Protein 



Deseribe the effeet that boiling had on pepsin and how you could tell that it had that effeet. 



Was your predietion eorreet about the optimal pH for pepsin aetivity? Discuss the physiologieal eorrelation behind your results. 



What do you think would happen if you reduced the incubation time to 30 minutes for tube 5? 


AOTIVITY 4 


Assessing Lipase Digestion of Fat 


1. Explain why you ean’t fully test the lipase aetivity in tube 5. 


2. Which tube had the highest lipase aetivity? How well did the results eompare with your predietion? Discuss possible reasons 


why it may or may not have matehed. 



Explain why panereatie lipase would be aetive in both the mouth and the intestine. 


4. Deseribe the proeess of bile emulsification of lipids and how it improves lipase aetivity. 
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Renal System Physiology 


PRE-LAB Q U I Z 

1. All of the following are functions of the kidney except: 

a. regulate the body’s aeid-base balanee 

b. regulate the body’s eleetrolyte balanee 
e. regulate plasma volume 

d. regulate smooth muscle function of bladder 

2. Circle the eorreet underlined term: During urine formation, the proeess 
of tubular seeretion / tubular reabsorption leaves behind mostly salt 
water and wastes after moving most of the filtrate baek into the blood. 

3. Circle True or False: The glomemlar filtration rate in humans is such 
that in 24 hours, approximately 180 liters of filtrate is produced. 

4. The_is a eapillary knot that filters fluid from the blood into 

the renal tubule. 

a. glomerulus e. proximal convoluted tubule 

b. distal convoluted tubule d. loop of Henle 

5. Circle the eorreet underlined term: Starling forees / Tubular seeretions 
are responsible for driving protein-free fluid out of the glomemlar eapil- 
laries and into Bowman’s capsule. 

6. What hormone is responsible for inereasing the water permeability of 
the eolleeting duct, allowing water to flow to areas of higher solute 
eoneentration? 

a. aldosterone e. diuretic hormone 

b. antidiuretic hormone d. thyroxine 

7. Circle the eorreet underlined term: Aldosterone / Thvroid hormone aets 
on the distal convoluted tubule to cause sodium to be reabsorbed and 
potassium to be excreted. 

8. llnder what eonditions would excess glucose be eliminated in the urine? 


Exercise Overview 

The kidney is both an excretory and a regulatory organ. By filtering the water and 
solutes in the blood, the kidneys are able to excrete excess water, waste products, 
and even foreign materials from the body. However, the kidneys also regulate (1) 
plasma osmolarity (the eoneentration of a solution expressed as osmoles of solute 
per liter of solvent), (2) plasma volume, (3) the body’s aeid-base balanee, and (4) 
the body’s eleetrolyte balanee. All these aetivities are extremely important for 
maintaining homeostasis in the body. 

The paired kidneys are loeated between the posterior abdominal wall and the 
abdominal peritoneum. The right kidney is slightly lower than the left kidney. 
Eaeh human kidney eontains approximately one million nephrons, the func- 
tional units of the kidney. 

Eaeh nephron is eomposed of a renal corpuscle and a renal tubule. The 
renal corpuscle eonsists of a “ball” of eapillaries, ealled the glomerulus, which 
is enelosed by a fluid-filled capsule, ealled Bowman ’s capsule, or the glomemlar 
capsule. An afferent arteriole supplies blood to the glomerulus. As blood flows 
through the glomemlar eapillaries, protein-free plasma filters into the Bowman’s 
capsule, a proeess ealled glomerular filtration. An efferent arteriole then 
drains the glomerulus of the remaining blood (view Figure 9.1). 

The filtrate flows from Bowman’s capsule into the start of the renal tubule, 
ealled the proximal convoluted tubule, then into the loop of Henle, a U-shaped 
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Exercise 9 


Renal corpuscle 

• Bovvman’s capsule 

• Glomerulus 



Thiek segment 
Thin segment - 


Loop of Henle 

• Deseending limb 

• Aseending limb - 


Distal 

convoluted 

tubule 




Collecting duct 


FIG U R E 9.1 Loeation and structure of nephrons. 


hairpin loop, and, finally, into the distal convoluted tubule 
before emptying into a eolleeting duct. From the eolleeting 
duct, the filtrate flows into, and eolleets in, the minor ealyees. 

The nephron performs three important functions that 
proeess blood into filtrate and urine: (1) glomemlar filtration, 
(2) tubular reabsorption, and (3) tubular seeretion. Glomeru- 
lar filtration is a passive proeess in which fluid passes from 
the lumen of the glomemlar eapillary into the glomemlar 
capsule of the renal tubule. Tubular reabsorption moves 
most of the filtrate baek into the blood, leaving mainly salt 
water and the wastes in the lumen of the tubule. Some of 
the desirable, or needed, solutes are aetively reabsorbed, 
and others move passively from the lumen of the tubule into 
the interstitial spaees. Tubular seeretion is essentially the 
reverse of tubular reabsorption and is a proeess by which the 
kidneys ean rid the blood of additional unwanted substances, 
such as ereatinine and ammonia. 

The reabsorbed solutes and water that move into the 
interstitial spaee between the nephrons need to be returned to 
the blood, or the kidneys will rapidly swell like balloons. The 
peritubular eapillaries surrounding the renal tubule reelaim 
the reabsorbed substances and return them to general circula- 
tion. Peritubular eapillaries arise from the efferent arteriole 
exiting the glomerulus and empty into the renal veins leaving 
the kidney. 


A C T I V I T Y 1 


The Effeet of Arteriole Radius 
on Glomemlar Filtration 

OBJECTIVES 

1. To understand the terms nephron, glomerulus, 
glomemlar eapillaries, renal tubule, filtrate, Bovvman’s 
capsule, renal corpuscle, afferent arteriole, efferent 
arteriole, glomemlar eapillary pressure, and glomemlar 
filtration rate. 

2. To understand how ehanges in afferent arteriole radius 
impaet glomemlar eapillary pressure and filtration. 

3. To understand how ehanges in efferent arteriole radius 
impaet glomemlar eapillary pressure and filtration. 


lntroduction 

Eaeh of the million nephrons in eaeh kidney eontains two 
major parts: (1) a tubular eomponent, the renal tubule, and 
(2) a vascular eomponent, the renal corpuscle (view 
Figure 9.1). The glomerulus is a tangled eapillary knot that 
filters fluid from the blood into the lumen of the renal tubule. 
The function of the renal tubule is to proeess the filtered fluid, 
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also ealled the filtrate. The beginning of the renal tubule is 
an enlarged end ealled Bowman’s capsule (or the glomemlar 
capsule), which surrounds the glomerulus and serves to fun- 
nel the filtrate into the rest of the renal tubule. Collectively, 
the glomerulus and Bowman’s capsule are ealled the renal 
corpuscle. 

Two arterioles are assoeiated with eaeh glomerulus: an 
afferent arteriole feeds the glomemlar eapillary bed and an 
efferent arteriole drains it. These arterioles are responsible 
for blood flow through the glomerulus. The diameter of the 
efferent arteriole is smaller than the diameter of the afferent 
arteriole, restrieting blood flow out of the glomerulus. Conse- 
quently, the pressure in the glomemlar eapillaries forees fluid 
through the endothelium of the eapillaries into the lumen of 
the surrounding Bowman’s capsule. In essenee, everything in 
the blood except for the blood eells (red and white) and plasma 
proteins is filtered through the glomemlar wall. From the 
Bowman’s capsule, the filtrate moves into the rest of the renal 
tubule for proeessing. The job of the tubule is to reabsorb all 
the benefieial substances from its lumen and allow the wastes 
to travel down the tubule for elimination from the body. 

During glomemlar filtration, blood enters the glomem- 
lus from the afferent arteriole and protein-free plasma flows 
from the blood aeross the walls of the glomemlar eapillaries 
and into the Bowman’s capsule. The glomerular filtration 
rate is an index of kidney function. In humans, the filtration 
rate ranges from 80 to 140 ml/min, so that, in 24 hours, as 
much as 180 liters of filtrate is produced by the glomemli. 
The filtrate formed is devoid of cellular debris, is essentially 
protein free, and eontains a eoneentration of salts and organie 
molecules similar to that in blood. 

The glomemlar filtration rate ean be altered by ehanging 
arteriole resistanee or arteriole hydrostatie pressure. In this 
aetivity, you will explore the effeet of arteriole radius on glo- 
memlar eapillary pressure and filtration in a single nephron. 
You ean apply the eoneepts you learn by studying a single 
nephron to understand the function of the kidney as a whole. 

EQUIPMENT USED The following equipment 
will be depieted on-sereen: source beaker for blood (first 
beaker on left side of sereen)—simulates blood flow and 
pressure (mm Hg) from general circulation to the nephron; 
drain beaker for blood (seeond beaker on left side of 
sereen)—simulates the renal vein; flow tube with adjust- 
able radius—simulates the afferent arteriole and eonneets 
the blood supply to the glomemlar eapillaries; seeond flow 
tube with adjustable radius—simulates the efferent arteri- 
ole and drains the glomemlar eapillaries into the peritubu- 
lar eapillaries, which ultimately drain into the renal vein 
(drain beaker); simulated nephron (The filtrate forms in 
Bowman’s capsule, flows through the renal tubule—the 
tubular eomponents—and empties into a eolleeting duct, 
which in turn drains into the urinary bladder.); nephron 
tank; glomerulus— u ball” of eapillaries that forms part 
of the filtration membrane; glomemlar (Bowman’s) 
capsule—forms part of the filtration membrane and a 
capsular spaee where the filtrate initially forms; proxi- 
mal convoluted tubule; loop of Henle; distal convoluted 
tubule; eolleeting duct; drain beaker for filtrate (beaker on 
right side of sereen)—simulates the urinary bladder. 

v_____ 


Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 9: Renal System Physiology. Click Aetivity 1: 
The Effeet of Arteriole Radius on Glomemlar Filtration, 

and take the online Pre-lab Quiz for Aetivity 1. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



1. Click Start to initiate glomemlar filtration. As blood 
flows from the source beaker through the renal corpuscle, fil- 
trate moves through the renal tubule, then into the eolleeting 
duct, and then into the urinary bladder. 

2. The glomemlar eapillary pressure display shows the 
hydrostatie blood pressure in the glomemlar eapillaries that 
promotes filtration, and the filtration rate display shows the 
flow rate of the fluid moving from the lumen of the glomer- 
ular eapillaries into the lumen of Bowman’s capsule. Click 
Reeord Data to display your results in the grid (and reeord 
your results in Chart 1). 

3. Click Refill to replenish the source beaker and prepare 
the nephron for the next mn. 


PREDICT Question 1 

What will happen to the glomemlar eapillary 
pressure and filtration rate if you deerease the 
radius of the afferent arteriole? 


4. Deerease the radius of the afferent arteriole to 0.45 mm 
by elieking the — button beside the afferent radius display. 
Click Start to initiate glomemlar filtration. 

5. Note the glomemlar eapillary pressure and glomemlar 
filtration rate displays and eliek Reeord Data to display your 
results in the grid (and reeord your results in Chart 1). 

6. Click Refill to replenish the source beaker and prepare 
the nephron for the next mn. 
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C H ART 1 


Effeet of Arteriole Radius on Glomemlar Filtration 


Afferent arteriole 
radius (mm) 

Efferent arteriole 
radius (mm) 

Glomemlar eapillary 
pressure (mm Hg) 

Glomemlar filtration 
rate (ml/min) 














































7. You will now observe the effeet of ineremental deereases 
in the radius of the afferent arteriole. 

• Deerease the radius of the afferent arteriole by 
0.05 mm by elieking the — button beside the afferent 
radius display. 

• Click Start to initiate glomemlar filtration. 

• Note the glomemlar eapillary pressure and glomem- 
lar filtration rate displays and eliek Reeord Data to 
display your results in the grid (and reeord your results 
in Chart 1). 

• Click Refill to replenish the source beaker and prepare 
the nephron for the next mn. 

Repeat this step until you reaeh an afferent arteriole 
radius of 0.35 mm. 


PREDIOT Questìon 2 

What will happen to the glomemlar eapillary 
pressure and filtration rate if you inerease the 
radius of the afferent arteriole? 


8. inerease the radius of the afferent arteriole to 0.55 mm 
by elieking the + button beside the afferent radius display. 
Click Start to initiate glomemlar filtration. 

9. Note the glomemlar eapillary pressure and glomemlar 
filtration rate displays and eliek Reeord Data to display your 
results in the grid (and reeord your results in Chart 1). 

10. Click Refill to replenish the source beaker and prepare 
the nephron for the next mn. 


11. inerease the radius of the afferent arteriole to 0.60 mm. 
Click Start to initiate glomemlar filtration. 

12. Note the glomemlar eapillary pressure and glomemlar 
filtration rate displays and eliek Reeord Data to display your 
results in the grid (and reeord your results in Chart 1). 

13. Click Refill to replenish the source beaker and prepare 
the nephron for the next mn. 


)) PREDICT Question 3 

What will happen to the glomemlar eapillary 
pressure and filtration rate if you deerease the 
radius of the efferent arteriole? 


14. Deerease the radius of the afferent arteriole to 0.50 mm 
by elieking the — button beside the afferent radius display. 
Click Start to initiate glomemlar filtration. 

15. Note the glomemlar eapillary pressure and glomemlar 
filtration rate displays and eliek Reeord Data to display your 
results in the grid (and reeord your results in Chart 1). 

16. Click Refill to replenish the source beaker and prepare 
the nephron for the next mn. 

17. You will now observe the effeet of ineremental deereases 
in the radius of the efferent arteriole. 

• Deerease the radius of the efferent arteriole by 0.05 mm 
by elieking the — button beside the efferent radius 
display. 

• Click Start to initiate glomemlar filtration. 
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• Note the glomemlar eapillary pressure and glomemlar 
filtration rate displays and eliek Reeord Data to dis- 
play your results in the grid (and reeord your results in 
Chart 1). 

• Click Refíll to replenish the source beaker and prepare 
the nephron for the next mn. 

Repeat this step until you reaeh an efferent arteriole 
radius of 0.30 mm. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 1. 

Aetivity Questions 

1. Aetivation of sympathetie nerves that innervate the 
kidney leads to a deereased urine production. Knowing that 
faet, what do you think the sympathetie nerves do to the 
afferent arteriole? 


2. How is this effeet of the sympathetie nervous system 
benefieial? Could this effeet beeome harmful if it goes on too 
long? 


A C T I V I T Y 2 


The Effeet of Pressure 
on Glomemlar Filtration 

OB JECTIVES 

1. To understand the terms glomerulus, glomemlar 
eapillaries, renal tubule, filtrate, Starling forees, 
Bovvman’s capsule, renal corpuscle, afferent arteriole, 
efferent arteriole, glomemlar eapillary pressure, and 
glomemlar filtration rate. 

2. To understand how ehanges in glomemlar eapillary 
pressure affeet glomemlar filtration rate. 

3. To understand how ehanges in renal tubule pressure 
affeet glomemlar filtration rate. 


lntroduction 

Cellular metabolism produces a complex mixture of waste 
products that must be eliminated from the body. This excre- 
tory function is performed by a eombination of organs, most 
importantly, the paired kidneys. Eaeh kidney eonsists of 
approximately one million nephrons, which earry out three 
emeial proeesses: (1) glomemlar filtration, (2) tubular reab- 
sorption, and (3) tubular seeretion. 

Both the blood pressure in the glomemlar eapillaries 
and the fíltrate pressure in the renal tubule ean have a sig- 
nifieant impaet on the glomemlar fíltration rate. During 
glomemlar filtration, blood enters the glomerulus from the 


afferent arteriole. Starling forees (hydrostatie and osmotie 
pressure gradients) drive protein-free fluid between the blood 
in the glomemlar eapillaries and the filtrate in Bowman’s 
capsule. The glomemlar filtration rate is an index of kidney 
function. In humans, the filtration rate ranges from 80 to 
140 ml/min, so that, in 24 hours, as much as 180 liters of 
filtrate is produced by the glomemlar eapillaries. The filtrate 
formed is devoid of blood eells, is essentially protein free, 
and eontains a eoneentration of salts and organie molecules 
similar to that in blood. 

Approximately 20% of the blood that enters the glomer- 
ular eapillaries is normally filtered into Bowman’s capsule, 
where it is then referred to as filtrate. The unusually high 
hydrostatie blood pressure in the glomemlar eapillaries pro- 
motes this filtration. Thus, the glomemlar filtration rate ean 
be altered by ehanging the afferent arteriole resistanee (and, 
therefore, the hydrostatie pressure). In this aetivity you will 
explore the effeet of blood pressure on the glomemlar filtra- 
tion rate in a single nephron. You ean apply the eoneepts you 
learn by studying a single nephron to understand the function 
of the kidney as a whole. 

( 'N 

EQUIPMENT USED The following equipment 
will be depieted on-sereen: left source beaker (first beaker 
on left side of sereen)—simulates blood flow and pres- 
sure (mm Hg) from general circulation to the nephron; 
drain beaker for blood (seeond beaker on left side of 
sereen)—simulates the renal vein; flow tube with adjust- 
able radius—simulates the afferent arteriole and eonneets 
the blood supply to the glomemlar eapillaries; seeond 
flow tube with adjustable radius—simulates the efferent 
arteriole and drains the glomemlar eapillaries into the per- 
itubular eapillaries, which ultimately drain into the renal 
vein (drain beaker); simulated nephron (The filtrate forms 
in Bowman’s capsule, flows through the renal tubule—the 
tubular eomponents—and empties into a eolleeting duct, 
which in turn drains into the urinary bladder.); nephron 
tank; glomerulus—“ball” of eapillaries that forms part 
of the filtration membrane; glomemlar (Bowman’s) 
capsule—forms part of the filtration membrane and a 
capsular spaee where the filtrate initially forms; proxi- 
mal convoluted tubule; loop of Henle; distal convoluted 
tubule; eolleeting duct; one-way valve between end of eol- 
leeting tube (duct) and urinary bladder—used to restriet 
the flow of filtrate into the urinary bladder, inereasing the 
volume and pressure in the renal tubule; drain beaker for 
filtrate (beaker on right side of sereen)—simulates the 
urinary bladder. 

v___ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 9: Renal System Physiology. Click Aetivity 2: 
The Effeet of Pressure on Glomemlar Filtration, and take 
the online Pre-lab Quiz for Aetivity 2. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experi- 
ment instmetions are reprinted here for your referenee. 
The opening sereen for the experiment is shown on the 
following page. 
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1. Note that the blood pressure is set to 70 mm Hg, the 
afferent arteriole radius is set to 0.50 mm, and the efferent 
arteriole radius is set to 0.45 mm. Click Start to initiate glo- 
memlar filtration. As blood flows from the source beaker 
through the renal corpuscle, filtrate moves through the renal 
tubule, then into the eolleeting duct, and then into the urinary 
bladder. 

2. The glomemlar eapillary pressure display shows the 
hydrostatie blood pressure in the glomemlar eapillaries that 
promotes filtration, and the filtration rate display shows the 
flow rate of the fluid moving from the lumen of the glomer- 
ular eapillaries into the lumen of Bowman’s capsule. Click 
Reeord Data to display your results in the grid (and reeord 
your results in Chart 2.) 

3. Click Refill to replenish the source beaker and prepare 
the nephron for the next mn. 


PREDICT Question 1 

What will happen to the glomemlar eapillary 
pressure and filtration rate if you inerease the 
blood pressure in the left source beaker? 


4. inerease the blood pressure to 80 mm Hg by elieking the 
+ button beside the pressure display. Click Start to initiate 
glomemlar filtration. 

5. Note the glomemlar eapillary pressure and glomemlar 
filtration rate displays and eliek Reeord Data to display your 
results in the grid (and reeord your results in Chart 2). 

6. Click Refill to replenish the source beaker and prepare 
the nephron for the next mn. 

7. You will now observe the effeet of further ineremental 
inereases in blood pressure. 

• inerease the blood pressure by 10 mm Hg by elieking 
the + button beside the pressure display. 

• Click Start to initiate glomemlar filtration. 

• Note the glomemlar eapillary pressure and glomemlar 
filtration rate displays and eliek Reeord Data to dis- 
play your results in the grid (and reeord your results in 
Chart 2). 

• Click Refill to replenish the source beaker and prepare 
the nephron for the next mn. 

Repeat this step until you reaeh a blood pressure of 

100 mm Hg. 


PREDICT Questìon 2 

What will happen to the filtrate pressure in 
Bowman’s capsule (not direetly measured in 
this experiment) and the filtration rate if you 
elose the one-way valve between the eolleeting duct 
and the urinary bladder? 


8. Note that the valve between the eolleeting duct and 
the urinary bladder is open. Deerease the blood pressure to 
70 mm Hg by elieking the button beside the pressure display. 
Click Start to initiate glomemlar filtration. 


CHART 2 


Effeet of Arteriole Radius on Glomemlar Filtration 


Blood pressure 
(mm Hg) 

Valve (open 
or elosed) 

Glomemlar eapillary 
pressure (mm Hg) 

Glomemlar filtration 
rate (ml/min) 

Llrine volume 
(ml) 
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9. Note the glomemlar eapillary pressure and glomemlar 
filtration rate displays and eliek Reeord Data to display your 
results in the grid (and reeord your results in Chart 2). 

10. Click Refill to replenish the source beaker and prepare 
the nephron for the next mn. 

11. Click the valve between the eolleeting duct and the uri- 
nary bladder to elose it. Click Start to initiate glomemlar 
filtration. 

12. Note the glomemlar eapillary pressure and glomemlar 
filtration rate displays and eliek Reeord Data to display your 
results in the grid (and reeord your results in Chart 2). 

13. Click Refill to replenish the source beaker and prepare 
the nephron for the next mn. 

14. inerease the blood pressure to 100 mm Hg. Click Start 
to initiate glomemlar filtration. 

15. Note the glomemlar eapillary pressure and glomemlar 
filtration rate displays and eliek Reeord Data to display your 
results in the grid (and reeord your results in Chart 2). 

16. Click Refill to replenish the source beaker and prepare 
the nephron for the next mn. 

17. Click the valve between the eolleeting duct and the 
urinary bladder to open it. Click Start to initiate glomemlar 
filtration. 

18. Note the glomemlar eapillary pressure and glomemlar 
filtration rate displays and eliek Reeord Data to display your 
results in the grid (and reeord your results in Chart 2). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 2. 

Aetivity Questions 

1. Judging from the results in this laboratory aetivity, 
what should he the effeet of blood pressure on glomemlar 
filtration? 


2. Persistent high blood pressure with inadequate glomer- 
ular filtration is now a frequent problem in Western cul- 
tures. Using the eoneepts in this aetivity, explain this health 
problem. 


A C T I V I T Y 3 


Renal Response to Altered 
Blood Pressure 

OBJECTIVES 

1. To understand the terms nephron, renal tubule, filtrate, 
Bovvman’s capsule, blood pressure, afferent arteriole, 


efferent arteriole, glomerulus, glomemlar filtration rate, 
and glomemlar eapillary pressure. 

2. To understand how blood pressure affeets glomemlar 
eapillary pressure and glomemlar filtration. 

3. To observe which is more effeetive: ehanges in afferent 
or efferent arteriole radius when ehanges in blood 
pressure occur. 


lntroduction 

In humans approximately 180 liters of filtrate flows into the 
renal tubules every day. As demonstrated in Aetivity 2, 
the blood pressure supplying the nephron ean have a sub- 
stantial impaet on the glomerular eapillary pressure and 
glomerular filtration. However, under most circumstances, 
glomemlar eapillary pressure and glomemlar filtration 
remain relatively eonstant despite ehanges in blood pressure 
because the nephron has the eapaeity to alter its afferent and 
efferent arteriole radii. 

During glomemlar filtration, blood enters the glomerulus 
from the afferent arteriole. Starling forees (primarily hydrostatie 
pressure gradients) drive protein-free fluid out of the glomem- 
lar eapillaries and into Bowman’s capsule. Importantly for our 
body’s homeostasis, a relatively eonstant glomemlar filtration 
rate of 125 ml/min is maintained despite a wide range of blood 
pressures that occur throughout the day for an average human. 

Aetivities 1 and 2 explored the independent effeets of 
arteriole radii and blood pressure on glomemlar eapillary 
pressure and glomemlar filtration. In the human body, these 
effeets occur simultaneously. Therefore, in this aetivity, you 
will alter both variables to explore their eombined effeets on 
glomemlar filtration and observe how ehanges in one vari- 
able ean eompensate for ehanges in the other to maintain an 
adequate glomemlar filtration rate. 

( 3 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: left source beaker (first beaker 

on left side of sereen)—simulates blood flow and pres- 

sure (mm Hg) from general circulation to the nephron; 

drain beaker for blood (seeond beaker on left side of 

sereen)—simulates the renal vein; flow tube with adjust- 

able radius—simulates the afferent arteriole and eonneets 

the blood supply to the glomemlar eapillaries; seeond flow 

tube with adjustable radius—simulates the efferent arteri- 

ole and drains the glomemlar eapillaries into the peritubular 

eapillaries, which ultimately drain into the renal vein (drain 

beaker); simulated nephron (The filtrate forms in Bow- 

man’s capsule, flows through the renal tubule—the tubular 

eomponents—and empties into a eolleeting duct, which 

in turn drains into the urinary bladder.); nephron tank; 

glomerulus—“ball” of eapillaries that forms part of the 

filtration membrane; glomemlar (Bowman’s) capsule— 

forms part of the filtration membrane and a capsular spaee 

where the filtrate initially forms; proximal convoluted 

tubule; loop of Henle; distal convoluted tubule; eolleeting 

duct; one-way valve between end of eolleeting tube (duct) 

and urinary bladder—used to restriet the flow of filtrate 

into the urinary bladder, inereasing the volume and pres- 

sure in the renal tubule; drain beaker for filtrate (beaker on 

right side of sereen)—simulates the urinary bladder. 
v_____ J 
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Experiment Instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 9: Renal System Physiology. Click Aetivity 3: 
Renal Response to Altered Blood Pressure, and take the 
online Pre-lab Quiz for Aetivity 3. 

After you take the online Pre-lab Quiz, eliek the Experi- 
ment tab and begin the experiment. The experiment instme- 
tions are reprinted here for your referenee. The opening 
sereen for the experiment is shown below. 



1. Note that the blood pressure is set to 90 mm Hg, the 
afferent arteriole radius is set to 0.50 mm, and the efferent 
arteriole radius is set to 0.45 mm. Click Start to initiate glo- 
memlar filtration. As blood flows from the source beaker 
through the renal corpuscle, filtrate moves through the renal 
tubule, then into the eolleeting duct, and then into the urinary 
bladder. 

2. The glomemlar eapillary pressure display shows the 
hydrostatie blood pressure in the glomemlar eapillaries that 
promotes filtration, and the filtration rate display shows the 
flow rate of the fluid moving from the lumen of the glomer- 
ular eapillaries into the lumen of Bowman’s capsule. Click 
Reeord Data to display your results in the grid (and reeord 
your results in Chart 3). 

3. Click Refill to replenish the source beaker and prepare 
the nephron for the next mn. 


4. You will now observe how the nephron might operate to 
keep the glomemlar filtration rate relatively eonstant despite 
a large drop in blood pressure. Deerease the blood pressure 
to 70 mm Hg by elieking the — button beside the pressure 
display. Click Start to initiate glomemlar filtration. 

5. Note the glomemlar eapillary pressure and glomemlar 
filtration rate displays and eliek Reeord Data to display your 
results in the grid (and reeord your results in Chart 3). 

6. Click Refill to replenish the source beaker and prepare 
the nephron for the next mn. 

7. inerease the afferent arteriole radius to 0.60 mm by 
elieking the + button beside the afferent radius display. Click 
Start to initiate glomemlar filtration. 

8. Note the glomemlar eapillary pressure and glomemlar 
filtration rate displays and eliek Reeord Data to display your 
results in the grid (and reeord your results in Chart 3). 

9. Click Refill to replenish the source beaker and prepare 
the nephron for the next mn. 

10. Return the afferent arteriole radius to 0.50 mm by 
elieking the — button beside the afferent radius display and 
deerease the efferent radius to 0.35 mm by elieking the but- 
ton beside the efferent radius display. Click Start to initiate 
glomemlar filtration. 

11. Note the glomemlar eapillary pressure and glomemlar 
filtration rate displays and eliek Reeord Data to display your 
results in the grid (and reeord your results in Chart 3). 

12. Click Refill to replenish the source beaker and prepare 
the nephron for the next mn. 


PREDICT Question 1 

What will happen to the glomemlar eapillary 
pressure and glomemlar filtration rate if both of 
these arteriole radii ehanges are implemented 
simultaneously with the low blood pressure 
eondition? 


CHART 3 


Renal Response to Altered Blood Pressure 


Afferent arteriole 
radius (mm) 

Efferent arteriole 
radius (mm) 

Blood pressure 
(mm Hg) 

Glomemlar eapillary 
pressure (mm Hg) 

Glomemlar filtration 
rate (ml/min) 
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13. Set the afferent arteriole radius to 0.60 mm and keep the 
efferent arteriole radius at 0.35 mm. Click Start to initiate 
glomemlar filtration. 

14. Note the glomemlar eapillary pressure and glomemlar 
filtration rate displays and eliek Reeord Data to display your 
results in the grid (and reeord your results in Chart 3). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 3. 

Aetivity Questions 

1. How could an inereased urine volume be viewed as ben- 
efieial to the body? 


2. Diuretics are frequently given to people with persistent 
high blood pressure. Why? 


A C T I V I T Y 4 


Solute Gradients and Their impaet 
on Urine Concentration 

OBJECTIVES 

1. To understand the terms antidiuretic hormone (ADH), 
reabsorption, loop of Henle, eolleeting duct, tubule 
lumen, interstitial spaee, and peritubular eapillaries. 

2. To explain the proeess of vvater reabsorption in speeifie 
regions of the nephron. 

3. To understand the role of ADH in vvater reabsorption by 
the nephron. 

4. To deseribe hovv the kidneys ean produce urine that is 
four times more eoneentrated than the blood. 


lntroduction 

As filtrate moves through the tubules of a nephron, solutes 
and water move from the tubule lumen into the interstitial 
spaees of the nephron. This movement of solutes and water 
relies on the total solute eoneentration gradient in the intersti- 
tial spaees surrounding the tubule lumen. The interstitial fluid 
is eomprised mostly of NaCl and urea. When the nephron is 
permeable to solutes or water, equilibrium will be reaehed 
between the interstitial fluid and the tubular fluid eontents. 

Antidiuretic hormone (ADH) inereases the water per- 
meability of the eolleeting duct, allowing water to flow to 
areas of higher solute eoneentration, from the tubule lumen 
into the surrounding interstitial spaees. Reabsorption 
deseribes this movement of filtered solutes and water from 
the lumen of the renal tubules baek into the plasma. The reab- 
sorbed solutes and water that move into the interstitial spaee 
need to be returned to the blood, or the kidneys will rapidly 


swell like balloons. The peritubular eapillaries surrounding 
the renal tubule reelaim the reabsorbed substances and return 
them to general circulation. Peritubular eapillaries arise from 
the efferent arteriole exiting the glomerulus and empty into 
the renal veins leaving the kidney. 

Without reabsorption, we would excrete the solutes and 
water that our bodies need to maintain homeostasis. In this 
aetivity you will examine the proeess of passive reabsorp- 
tion that occurs while filtrate travels through a nephron and 
urine is formed. While eompleting the experiment, assume 
that when ADH is present, the eonditions favor the formation 
of the most eoneentrated urine possible. 

r x 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: simulated nephron surrounded 

by interstitial spaee between the nephron and peritubular 

eapillaries (Reabsorbed solutes, such as glucose, will move 

from the lumen of the tubule into the interstitial spaee, and 

then into the peritubular eapillaries that braneh out from 

the efferent arteriole.); drain beaker for filtrate—simulates 

the urinary bladder; antidiuretic hormone (ADH). 
v___ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 9: Renal System Physiology. Click Aetivity 4: 
Solute Gradients and Their impaet on IJrine Concentra- 
tion, and take the online Pre-lab Quiz for Aetivity 4. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 


1. Drag the dropper eap of the ADH bottle to the gray eap 
above the right side of the nephron tank to dispense ADH 
onto the eolleeting duct. 

2. Click Dispense beneath the eoneentration gradient display 
to adjust the maximum total solute eoneentration in the intersti- 
tial fluid to 300 mOsm. Because the blood solute eoneentration 
is also 300 mOsm, there is no osmotie differenee between the 
lumen of the tubule and the surrounding interstitial fluid. 

3. Click Start to initiate filtration. Filtrate will flow 
through the nephron, and solutes and water will move out 
of the tubules into the interstitial spaee. Fluid will also move 




































































PEx-140 


Exercise 9 


baek into the peritubular eapillaries, thus eompleting the pro- 
eess of reabsorption. 

4. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). 


CHART 4 


Solute Gradients and Their Impaet 
on Llrine Ooneentration 


Urine 

voliime 

(ml) 

Urine 

eoneentration 
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Ooneentration 

gradient 

(mOsm) 














5. Click Empty Bladder to prepare for the next run. 


PREDICT Question 1 

What will happen to the urine volume and eon- 
eentration as the solute gradient in the intersti- 
tial spaee is inereased? 


6. inerease the maximum eoneentration of the solutes in 
the interstitial spaee to 600 mOsm by elieking the + button 
beside the eoneentration gradient display. Click Dispense to 
adjust the maximum total solute eoneentration in the intersti- 
tial fluid. 

7. Click Start to initiate filtration. 

8. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). 

9. Click Empty Bladder to prepare for the next run. 

10. You will now observe the effeet of ineremental inereases 
in maximum total solute eoneentration in the interstitial fluid. 

• inerease the maximum eoneentration of the solutes in 
the interstitial spaee by 300 mOsm by elieking the + 
button beside the eoneentration gradient display. 

• Click Dispense to adjust the maximum total solute eon- 
eentration in the interstitial fluid. 

• Click Start to initiate filtration. 

• Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). 

• Click Empty Bladder to prepare for the next run. 

Repeat this step until you reaeh the maximum total sol- 
ute eoneentration in the interstitial fluid of 1200 mOsm. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 4. 


Aetivity Questions 

1. From what you learned in this aetivity, speculate on 
ways that desert rats are able to eoneentrate their urine sig- 
nifieantly more than humans. 


2. Judging from this aetivity, what would be a reasonable 
meehanism for diuretics? 



A C T I V I T Y 5 


Reabsorption of Glucose 
via Carrier Proteins 

OBJECTIVES 

1. To understand the terms reabsorption, earrier proteins, 
apieal membrane, seeondary aetive transport, faeilitated 
diffusion, and basolateral membrane. 

2. To understand the role that glucose earrier proteins play 
in removing glucose from the filtrate. 

3. To understand the eoneept of a glucose earrier transport 
maximum and why glucose is not normally present in 
the urine. 


lntroduction 

Reabsorption is the movement of filtered solutes and water 
from the lumen of the renal tubules baek into the plasma. 
Without reabsorption, we would excrete the solutes and 
water that our bodies require for homeostasis. 

Glucose is not very large and is therefore easily filtered 
out of the plasma into Bowman’s capsule as part of the fil- 
trate. To ensure that glucose is reabsorbed into the body so 
that it ean fuel cellular metabolism, glucose earrier proteins 
are present in the proximal tubule eells of the nephron. There 
are a finite number of these glucose earriers in eaeh renal 
tubule eell. Therefore, if too much glucose is present in the 
filtrate, it will not all be reabsorbed and glucose will be inap- 
propriately excreted into the urine. 

Glucose is first absorbed by seeondary aetive transport 
at the apieal membrane of proximal tubule eells and then 
it leaves the tubule eell via faeilitated diffusion along the 
basolateral membrane. Both types of earrier proteins that 
transport these molecules aeross the tubule membranes are 
transmembrane proteins. Because earrier proteins are needed 
to move glucose from the lumen of the nephron into the inter- 
stitial spaees, there is a limit to the amount of glucose that ean 
be reabsorbed. When all glucose earriers are bound with the 
glucose they are transporting, excess glucose in the filtrate is 
eliminated in urine. 

In this aetivity, you will examine the effeet of varying 
the number of glucose transport proteins in the proximal 
convoluted tubule. It is important to note that, normally, the 
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number of glucose earriers is eonstant in a human kidney 
and that it is the plasma glucose that varies during the day. 
Plasma glucose will be held eonstant in this aetivity, and the 
number of glucose earriers will be varied. 

r v 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: simulated nephron surrounded 

by interstitial spaee between the nephron and peritubu- 

lar eapillaries (Reabsorbed solutes, such as glucose, will 

move from the lumen of the tubule into the interstitial 

spaee, and then into the peritubular eapillaries that braneh 

out from the efferent arteriole.); drain beaker for filtrate— 

simulates the urinary bladder; glucose earrier protein eon- 

trol box—used to adjust the number of glucose earriers 

that will be inserted into the proximal tubule. 
v___ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 9: Renal System Physiology. Click Aetivity 5: 
Reabsorption of Glucose via Carrier Proteins, and take 
the online Pre-lab Quiz for Aetivity 5. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



ZZsL 









r r 


1. Note that the number of glucose earriers is set to zero (in 
the glucose earriers display) and that the maximum total sol- 
ute eoneentration in the interstitial fluid is set to 1200 mOsm 
(the normal maximum solute eoneentration in the human 
kidney). Click Start to initiate filtration. Filtrate will flow 
through the nephron, and solute and water will move out of 
the tubules into the interstitial spaee. Fluid will also move 
baek into the peritubular eapillaries, thus eompleting the pro- 
eess of reabsorption. 

2. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 5). The eoneentrations of 
glucose in Bowman’s capsule, the distal convoluted tubule, 
and the urinary bladder will be displayed in the grid. 


CHART 5 


Reabsorption of Glucose 
via Carrier Proteins 


Glucose eoneentration (mM) 
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3. Click Empty Bladder to prepare the nephron for the 
next run. 


P R E DICT Questìon 1 

What will happen to the glucose eoneentration 
in the urinary bladder as glucose earriers are 
added to the proximal tubule? 


4. inerease the number of glucose earriers to 100 (an arbi- 
trary number) by elieking the + button beside the glucose 
earriers display. Click Add Carriers to insert the speeified 
number of glucose earrier proteins per unit area into the 
membrane of the proximal tubule. 

5. Click Start to initiate filtration. 

6. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 5). 

7. Click Empty Bladder to prepare the nephron for the 
next run. 

8. You will now observe the effeet of ineremental inereases 
in the number of glucose earriers. 

• inerease the number of glucose earriers by 100 by eliek- 
ing the + button beside the glucose earriers display. 

• Click Add Carriers to insert the speeified number of 
glucose earrier proteins per unit area into the membrane 
of the proximal tubule. 

• Click Start to initiate filtration. 

• Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 5). 

• Click Empty Bladder to prepare the nephron for the 
next run. 

Repeat this step until you have inserted 400 glucose 
earrier proteins per unit area into the membrane of the proxi- 
mal tubule. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 5. 


































































PEx-142 


Exercise 9 


Aetivity Questions 

1. Why would your family physieian at the turn of the 
twentieth century taste your urine? 


A C T I V I T Y 6 


The Effeet of Hormones 
on Urine Formation 

OBJECTIVES 

1. To understand the terms antidiuretic hormone (ADH), 
aidosterone, reabsorption, loop of Henle, distal 
convoluted tubule, eolleeting duct, tubule lumen, and 
interstitial spaee. 

2. To understand how the hormones aldosterone and ADH 
affeet renal proeesses in a human kidney. 

3. To understand the role of ADH in water reabsorption by 
the nephron. 

4. To understand the role of aldosterone in solute 
reabsorption and seeretion by the nephron. 


lntroduction 

The eoneentration and volume of urine excreted by our kid- 
neys will ehange depending on what our body needs for 
homeostasis. For example, if a person consumes a large quan- 
tity of water, the excess water will be eliminated as a large 
volume of dilute urine. On the other hand, when dehydra- 
tion occurs, there is a elear benefit in being able to produce a 
small volume of eoneentrated urine to retain water. Aetivity 4 
demonstrated how the total solute eoneentration gradient in 
the interstitial spaees surrounding the tubule lumen makes it 
possible to excrete eoneentrated urine. 

Aldosterone is a hormone produced by the adrenal eor- 
tex under the eontrol of the body’s renin-angiotensin system. 
A deerease in blood pressure is deteeted by eells in the affer- 
ent arteriole, triggering the release of renin. Renin aets as a 
proteolytie enzyme, causing angiotensinogen to be eonverted 
into angiotensin I. Endothelial eells throughout the body 
possess a eonverting enzyme that eonverts angiotensin I into 
angiotensin II. Angiotensin II signals the adrenal cortex to 
seerete aldosterone. Aldosterone aets on the distal convoluted 
tubule eells in the nephron to promote the reabsorption of 
sodium from filtrate into the body and the seeretion of potas- 
sium from the body. This eleetrolyte shift, coupled with the 
addition of antidiiiretie hormone (ADH), also causes more 
water to be reabsorbed into the blood, resulting in inereased 
blood pressure. 

ADH is manufactured by the hypothalamus and stored 
in the posterior pituitary gland. ADH levels are influenced by 
the osmolality of body fluids and the volume and pressure of 
the cardiovascular system. A 1% ehange in body osmolality 
will cause this hormone to be seereted. The primary aetion 
of this hormone is to inerease the permeability of the eolleet- 
ing duct to water so that more water is reabsorbed into the 


body by inserting aquaporins, or water ehannels, in the apieal 
membrane. Without this water reabsorption, the body would 
quickly dehydrate. 

Thus, our kidneys tightly regulate the amount of water 
and solutes excreted to maintain water balanee in the body. If 
water intake is down, or if there has been a fluid loss from the 
body, the kidneys work to eonserve water by making the urine 
very hyperosmotie (having a relatively high solute eoneentra- 
tion) to the blood. If there has been a large intake of fluid, the 
urine is more hypo-osmotie. In the normal individual, urine 
osmolarity varies from 50 to 1200 milliosmoles/kg of water. 

r \ 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: simulated nephron surrounded 
by interstitial spaee between the nephron and peritubu- 
lar eapillaries (Reabsorbed solutes, such as glucose, will 
move from the lumen of the tubule into the interstitial 
spaee, and then into the peritubular eapillaries that braneh 
out from the efferent arteriole.); drain beaker for filtrate— 
simulates the urinary bladder; aldosterone; antidiuretic 
hormone (ADH). 

v___ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 9: Renal System Physiology. Click Aetivity 6: 
The Effeet of Hormones on IJrine Formation, and take the 
online Pre-lab Quiz for Aetivity 6. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



1. Note that the total solute eoneentration in the intersti- 
tial fluid is set to 1200 mOsm (the normal maximum solute 
eoneentration in the human kidney). Click Start to initiate 
filtration. Filtrate will flow through the nephron, and solute 
and water will move out of the tubules into the interstitial 
spaee. They will also move baek into the peritubular eapillar- 
ies, thus eompleting the proeess of reabsorption. 

2. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 6). You will use this baseline 
data to eompare the eonditions of the filtrate and urine vol- 
ume in the presenee of the hormones aldosterone and ADH. 
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CHART 6 


The Effeet of Hormones on llrine Formation 


Potassium 
eoneentration (mM) 

Urine volume 
(ml) 

Urine eoneentration 
(mOsm) 

Aldosterone 

ADH 






















3. Click Empty Bladder to prepare the nephron for the 
next mn. 


PREDICT Question 1 

What will happen to the urine volume (eom- 
pared with baseline) when aldosterone is added 
to the distal tubule? 


4. Drag the dropper eap of the aldosterone bottle to the 
gray eap above the right side of the nephron tank to dispense 
aldosterone into the tank surrounding the distal tubule and the 
eolleeting duct. 

5. Click Start to initiate filtration. 

6. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 6). 

7. Click Empty Bladder to prepare the nephron for the 
next run. 

8. Drag the dropper eap of the ADH bottle to the gray eap 
at the top right side of the nephron tank to dispense ADH into 
the tank surrounding the distal tubule and the eolleeting duct. 


PREDICT Question 3 

What will happen to the urine volume and the 
urine eoneentration (eompared with baseline) in 
the presenee of both aldosterone and ADH? 


12. Drag the dropper eap of the aldosterone bottle and then 
the dropper eap of the ADH bottle to the gray eap above the 
right side of the nephron tank to dispense aldosterone and 
ADH into the tank surrounding the distal convoluted tubule 
and the eolleeting duct. 

13. Click Start to initiate filtration. 

14. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 6). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 6. 

Aetivity Questions 

1. Why does ethanol consumption lead to a dramatie 
inerease in urine production? 


;) PREDICT Question 2 

What will happen to the urine volume (eom- 
pared with baseline) when ADH is added to the 
eolleeting duct? 


2. Why do angiotensin eonverting enzyme (ACE) inhibi- 
tors given to people with hypertension lead to inereased urine 
production? 


9. Click Start to initiate filtration. 

10. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 6). 

11. Click Empty Bladder to prepare the nephron for the 
next run. 
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AOTIVITY 1 


The Effeet of Arteriole Radiiis on Glomemlar Filtration 


1. What are two primary functions of the kidney? 


2. What are the eomponents of the renal corpuscle? 


3. Starting at the renal corpuscle, list the eomponents of the renal tubule as they are encountered by filtrate. 


4. Deseribe the effeet of deereasing the afferent arteriole radius on glomemlar eapillary pressure and filtration rate. How well 
did the resiilts eompare with your predietion?_ 


5. Deseribe the effeet of inereasing the afferent arteriole radius on glomemlar eapillary pressure and filtration rate. How well 
did the resiilts eompare with your predietion?_ 


6. Deseribe the effeet of deereasing the efferent arteriole radius on glomemlar eapillary pressure and filtration rate. How well 
did the resiilts eompare with your predietion?_ 


7. Deseribe the effeet of inereasing the efferent radius on glomemlar eapillary pressure and filtration rate. 


A C T I V I T Y 2 


The Effeet of Pressure on Glomemlar Filtration 


1. As blood pressure inereased, what happened to the glomemlar eapillary pressure and the glomemlar filtration rate? How 
well did the resiilts eompare with your predietion?_ 


PEx-145 



























PEx-146 


Review Sheet 9 



Compare the urine volume in your baseline data with the urine volume as you inereased the blood pressure. How did the 


urine volume ehange? 



How could the ehange in urine volume with the inerease in blood pressure be viewed as being benefieial to the body? 


4. When the one-way valve between the eolleeting duct and the urinary bladder was elosed, what happened to the filtrate pres- 
sure in Bowman’s capsule (this is not direetly measured in this experiment) and the glomemlar filtration rate? How well did 

the results eompare with your predietion? _ 


5. How did inereasing the blood pressure alter the results when the valve was elosed? 


AOTIVITY 3 


Renal Response to Altered Blood Pressure 



List the several meehanisms you have explored that ehange the glomemlar filtration rate. How does eaeh meehanism speeifi- 
eally alter the glomemlar filtration rate?_ 


2. Deseribe and explain what happened to the glomemlar eapillary pressure and glomemlar filtration rate when both arteriole 
radii ehanges were implemented simultaneously with the low blood pressure eondition. How well did the results eompare 

with your predietion?_ 


3. How could you adjust the afferent or efferent radius to eompensate for the effeet of reduced blood pressure on the glomemlar 
filtration rate? 


4. Which arteriole radius adjustment was more effeetive at eompensating for the effeet of low blood pressure on the glomemlar 
filtration rate? Explain why you think this differenee occurs. _ 


5. In the body, how does a nephron maintain a near-eonstant glomemlar filtration rate despite a eonstantly fluctuating blood 
pressure? _ 























Revievv Sheet 9 


PEx-147 


A C T I V I T Y 4 


Solute Gradients and Their Impaet on Urine Goneentration 



What happened to the urine eoneentration as the solute eoneentration in the interstitial spaee was inereased? How well did 
the resLilts eompare to your predietion?_ 


2. What happened to the volume of urine as the solute eoneentration in the interstitial spaee was inereased? How well did the 
resiilts eompare to your predietion?_ 


3. What do you think would happen to urine volume if you did not add ADH to the eolleeting duct? 


4. Is most of the tubule filtrate reabsorbed into the body or excreted in urine? Explain. 


5. Can the reabsorption of solutes influence water reabsorption from the tubule fluid? Explain. 


AOTIVITY 5 


Reabsorptíon of Glucose via Garrier Proteins 


1. What happens to the eoneentration of glucose in the urinary bladder as the number of glucose earriers inereases? 


2. What types of transport are utilized during glucose reabsorption and where do they occur? 


3. Why does the glucose eoneentration in the urinary bladder beeome zero in these experiments? 


4. A person with type 1 diabetes eannot make insulin in the panereas, and a person with untreated type 2 diabetes does not 
respond to the insulin that is made in the panereas. In either ease, why would you expect to find glucose in the person’s urine? 
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Review Sheet 9 


ACTIVITY 6 


The Effeet of Hormones on llrine Formation 



How did the addition of aldosterone affeet urine volume (eompared with baseline)? Can the reabsorption of solutes influence 
water reabsorption in the nephron? Explain. How well did the results eompare with your predietion?_ 



How did the addition of ADH affeet urine volume (eompared with baseline)? How well did the results eompare with your 
predietion? Why did the addition of ADH also affeet the eoneentration of potassium in the urine (eompared with baseline)? 


3. What is the prineipal determinant for the release of aldosterone from the adrenal cortex? 


4. How did the addition of both aldosterone and ADH affeet urine volume (eompared with baseline)? How well did the results 
eompare with your predietion?_ 



What is the prineipal determinant for the release of ADH from the posterior pituitary gland? Does ADH favor the formation 
of dilute or eoneentrated urine? Explain why. _ 


6. Which hormone (aldosterone or ADH) has the greater effeet on urine volume? Why? 


7. If ADH is not available, ean the urine eoneentration still vary? Explain your answer. 



Consider this situation: you want to reabsorb sodium ions but you do not want to inerease the volume of the blood by 
reabsorbing large amounts of water from the filtrate. Assuming that aldosterone and ADH are both present, how would you 


adjust the hormones to aeeomplish the task? 
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Ac d-Base Balanee 


PRE-LAB Q U I Z 

1. Circle the eorreet term: A(n) aeid / base is often found in the form of a 
hydroxyl ion (OH _ ) or a biearbonate ion (HC0 3 _ ) and binds the H + . 

2. A eondition that ean result from traveling to high altitudes or hyperven- 

tilation,_is caused by having too little earbon dioxide in the 

blood. 

a. respiratory aeidosis e. respiratory arrest 

b. respiratory alkalosis d. renal aeidosis 

3. VVhieh of the following is not a ehemieal buffering system used by the 
body to maintain pH homeostasis? 

a. biearbonate e. sodium 

b. phosphate d. protein 

4. Oirele True or False: Blood and tissue fluids normally have a pH range 
of between 6.9 and 7.8. 

5. Hypoventilation will result in elevated levels of which gas in the blood? 


6. Oirele the eorreet underlined term: Vomiting, eonstipation, and inges- 
tion of antaeids and biearbonate are all possible causes of metabolie 
alkalosis / metabolie aeidosis 

7. Fever, stress, or the ingestion of food will all cause the rate of eell 

metabolism to_. 

a. inerease b. deerease e. remain the same 

8. Oirele True or False: Both the renal system and the respiratory system 
eompensate for metabolie aeidosis and alkalosis by excreting 
biearbonate ions. 

9. The body’s primary method of eompensating for eonditions of respira- 

tory aeidosis or respiratory alkalosis is_. 


Exercise Overview 

pH denotes the hydrogen ion eoneentration, [H + ], in a solution (such as body 
fluids). The reeiproeal relationship between pH and [H + ] is defined by the 
following equation. 

pH = log(l/[H + ]) 

Because the relationship is reeiproeal, [H + ] is higher at lower pH values (indieat- 
ing higher aeid levels) and lower at higher pH values (indieating lower aeid levels). 

The pH of a body’s fluid is also referred to as its aeid-base balanee. An aeid 
is a substance that releases H + in solution. A base, often a hydroxyl ion (OH _ ) or 
biearbonate ion (HC0 3 - ), is a substance that binds, or buffers, the H + . A strong 
aeid eompletely dissoeiates in solution, releasing all of its hydrogen ions and, thus, 
lowering the solution’s pH. A weak aeid dissoeiates ineompletely and does not 
release all of its hydrogen ions in solution, producing a lesser effeet on the solution’s 
pH. A strong base has a strong tendeney to bind to H + , raising the solution’s pH. 
A weak base binds less of the H + , producing a lesser effeet on the solution’s pH. 

The pH of body fhiids is very tightly regulated. Blood and tissue fhiids nor- 
mally have a pH between 7.35 and 7.45. Under pathologieal eonditions, blood 
pH as low as 6.9 or as high as 7.8 has been reeorded, but a higher or lower pH 
eannot sustain human life. The narrow range from 7.35 to 7.45 is remarkable 
when you eonsider the vast number of bioehemieal reaetions that take plaee in 
the body. The human body normally produces a large amount of H + as the result 
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Exercise 10 


of metabolie proeesses; ingested aeids; and the products of 
fat, sugar, and amino aeid metabolism. The regulation of a 
relatively eonstant internal pH is one of the major physiologi- 
eal functions of the body’s organ systems. 

To maintain pH homeostasis, the body utilizes both 
ehemieal and physiologieal buffering systems. Chemical 
buffers are eomposed of a mixture of weak aeids and weak 
bases. They help regulate the body’s pH levels by binding 
H + and removing it from solution as its eoneentration begins 
to rise or by releasing H + into solution as its eoneentration 
begins to fall. The body’s three major ehemieal buffering 
systems are the biearbonate, phosphate, and protein buffer 
systems. We will not focus on ehemieal buffering systems in 
this exercise, but keep in mind that ehemieal buffers are the 
fastest form of eompensation and ean return pH to normal 
within a fraetion of a seeond. 

The body’s two major physiologieal buffering systems 
are the renal system and the respiratory system. The renal 
system is the slower of the two, taking hours to days to do 
its work. The respiratory system usually works within min- 
utes, but eannot handle the amount of pH ehange that the 
renal system ean. These physiologieal buffer systems help 
regulate body pH by eontrolling the output of aeids, bases, 
or earbon dioxide (C0 2 ) from the body. For example, if there 
is too much aeid in the body, the renal system may respond 
by excreting more H + from the body in urine. Similarly, if 
there is too much earbon dioxide in the blood, the respiratory 
system may respond by inereasing ventilation to expel the 
excess earbon dioxide. Carbon dioxide levels have a direet 
effeet on pH because the addition of earbon dioxide to the 
blood results in the generation of more H + . The following 
equation shows what happens when earbon dioxide eombines 
with water in the blood, producing earbonie aeid. 


H 2 0 + C0 2 


h 2 co 3 

earbonie 

aeid 


h + + hco 3 ~ 

biearbonate 

ion 


A e T I V I T Y 1 


Hyperventilation 

OBJECTIVES 

1. To introduce pH homeostasis in the body. 

2. To understand the normal ranges for pH and P C02 . 

3. To reeognize respiratory alkalosis and its causes. 

4. To interpret an oseilloseope traeing for hyperventilation 
and eompare it with a traeing for normal breathing. 


less oxygen) or hyperventilation, which ean be brought on by 
fever, panie attaek, or anxiety. Hyperventilation, defined as 
an inerease in the rate and depth of breathing, removes ear- 
bon dioxide from the blood faster than it is being produced by 
the eells of the body, reducing the amount of H + in the blood 
and, thus, inereasing the blood’s pH. The following equation 
shows the shift in the equilibrium that results in the inerease 
in blood pH due to less earbon dioxide in the blood. 

H 2 0 + co 2 <- H 2 C0 3 +- H + + HC0 3 “ 

earbonie biearbonate 

aeid ion 

The renal system ean eompensate for alkalosis by retaining 
H + and excreting biearbonate ions to lower the blood pH 
levels baek to the normal range. 

( s \ 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: simulated lung ehamber; pH 
meter; oseilloseope; two breathing patterns: normal and 
hyperventilation. 

v_ ) 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 

Exercise 10: Aeid-Base Balanee. Click Aetivity 1: 
Hyperventilation, and take the online Pre-lab Quiz for 
Aetivity 1. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



lntroduction 

Aeid-base imbalanees ean have respiratory and metabolie 
causes. When diagnosing these disorders, two key signs are 
evaluated: the pH and the partial pressure of earbon dioxide 
in the blood (P co ). The normal range for pH is between 7.35 
and 7.45, and the normal range for P COo is between 35 and 
45 mm Hg. When the pH falls below 7.35, the body is said to 
be in a state of aeidosis. When the pH rises above 7.45, the 
body is said to be in a state of alkalosis. 

Respiratory alkalosis is the eondition of too little ear- 
bon dioxide in the blood. Respiratory alkalosis eommonly 
results from traveling to high altitude (where the air eontains 


1 . Click Start to initiate the normal breathing pattern. Note 
the reading in the pH meter at the top left, the readings in the 
P COo displays, and the shape of the traeing that runs aeross 
the oseilloseope sereen. 

2. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 1). 

PREDICT Question 1 

What do you think will happen to the pH and 

Pco 2 levels with hyperventilation? 
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C H ART 1 


Hyperventilation Breathing Patterns 


Condition 

Minimiim P C02 

Maximum P C02 

Minimum pH 

Maximum pH 

















3. Click Start to initiate the normal breathing pattern. 
After the normal breathing traeing runs for 10 seeonds, eliek 
Hyperventilation to initiate the hyperventilation breathing 
pattern. Note the reading in the pH meter at the top left, the 
readings in the P co , displays, and the shape of the traeing that 
mns aeross the oseilloseope sereen. 

4. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 1). 

5. Click Start to initiate the normal breathing pattern. 
After the normal breathing traeing runs for 10 seeonds, eliek 
Hyperventilation to initiate the hyperventilation breathing 
pattern. After the hyperventilation traeing runs for 10 seeonds, 
eliek Normal Breathing to return to the normal breathing 
pattern. Note the reading in the pH meter at the top left, the 
readings in the P COo displays, and the shape of the traeing that 
mns aeross the oseilloseope sereen. 

6. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 1). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 1. 

Aetivity Questions 

1. At what pH range is the body eonsidered to be in a state 
of respiratory alkalosis? 


2. How ean the body eompensate for respiratory alkalosis? 


3. How did the tidal volume ehange with hyperventilation? 


4. What might cause a person to hyperventilate? 



A C T I V I T Y 2 


Rebreathing 

OBJECTIVES 

1. To understand how rebreathing ean simulate 
hypoventilation. 

2. To observe the results of respiratory aeidosis. 

3. To deseribe the causes of respiratory aeidosis. 


lntroduction 


The body is said to be in a state of aeidosis when the pH of 
the blood falls below 7.35 (although a pH of 7.35 is teehni- 
eally not aeidie). Respiratory aeidosis is the result of impaired 
respiration, or hypoventilation , which leads to the accumula- 
tion of too much earbon dioxide in the blood. The causes of 
impaired respiration include airway obstmetion, depression 
of the respiratory eenter in the brain stem, lung disease (such 
as emphysema and ehronie bronehitis), and dmg overdose. 

Reeall that earbon dioxide contributes to the forma- 
tion of earbonie aeid when it eombines with water through 
a reversible reaetion eatalyzed by earbonie anhydrase. The 
earbonie aeid then dissoeiates into hydrogen ions and biear- 
bonate ions. Because hypoventilation results in elevated ear- 
bon dioxide levels in the blood, the equilibrium shifts, the 
H + levels inerease, and the pH value of the blood deereases. 


H 2 0 + CO 


2 


H 2 co 3 

earbonie 

aeid 


H + + HCO 


3 


biearbonate 

ion 


Rebreathing is the aetion of breathing in air that was just 
expelled from the lungs. Rebreathing results in the accumu- 
lation of earbon dioxide in the blood. Breathing into a paper 
bag is an example of rebreathing. (Note that breathing into 
a paper bag ean deplete the body of oxygen and is therefore 
not the best therapy for hyperventilation because it ean mask 
other life-threatening emergeneies, such as a heart attaek or 
asthma.) In this aetivity, you will observe what happens to 
pH and earbon dioxide levels in the blood during rebreathing. 
In the body, the kidneys regulate the aeid-base balanee by 
altering the amount of H + and HC0 3 _ excreted in the urine. 


r \ 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: simulated lung ehamber; pH 
meter; oseilloseope; two breathing patterns: normal and 
rebreathing. 

v_ J 
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Exercise 10 


Experiment Instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 10: Aeid-Base Balanee. Click Aetivity 2: 
Rebreathing, and take the online Pre-lab Quiz for Aetivity 2. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 
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1 . Click Start to initiate the normal breathing pattern. Note 
the reading in the pH meter at the top left, the readings in the 
P co , displays, and the shape of the traeing that runs aeross the 
oseilloseope sereen. 

2. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 2). 


PREDICT Question 1 

What do you think will happen to the pH and 
P C o 2 levels during rebreathing? 


3. Click Start to initiate the normal breathing pattern. 
After the normal breathing traeing runs for 10 seeonds, eliek 
Rebreathing to initiate the rebreathing pattern. Note the 
reading in the pH meter at the top left, the readings in the 
P COo displays, and the shape of the traeing that runs aeross 
the oseilloseope sereen. 

4. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 2). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 2. 


Aetivity Questions 

1. Did the pH level of the blood ehange at all with rebreath- 
ing? If so, how did it ehange? 


2. What happens to the pH level of the blood when there is 
too much earbon dioxide remaining in the blood? 


3. How did the tidal volumes ehange with rebreathing? 


4. Deseribe two ways in which too much earbon dioxide 
might remain in the blood. 



A C T I V I T Y 3 


Renal Responses to Resp ratory 
Aeidosis and Respiratory Alkalosis 

OBJECTIVES 

1. To understand renal eompensation meehanisms for 
respiratory aeidosis and respiratory alkalosis. 

2. To explore the functional unit of the kidneys that 
responds to aeid-base balanee. 

3. To observe the ehanges in ion eoneentrations that occur 
with renal eompensation. 


lntroduction 

The kidneys play a major role in maintaining fluid, eleetro- 
lyte, and aeid-base balanee in the body’s internal environ- 
ment. By regulating the amount of water lost in the urine, 
the kidneys defend the body against excessive hydration or 
dehydration. By regulating the aeidity of urine and the rate 
of eleetrolyte excretion, the kidneys maintain plasma pH and 
eleetrolyte levels within normal limits. 


Normal Breathing Patterns 

Condition 

Minimum P C02 

Maximum P C02 

Minimum pH 

Maximum pH 
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Renal eompensation is the body’s primary method of 
eompensating for eonditions of respiratory aeidosis or respir- 
atory alkalosis. The kidneys regulate the aeid-base balanee by 
altering the amount of H + and HC0 3 _ excreted in the urine. 
If we revisit the equation for the dissoeiation of earbonie aeid, 
a weak aeid, we see that the eonservation of biearbonate ion 
(base) has the same net effeet as the loss of aeid, H + . 


H 2 0 + CO 


2 


H 2 co 3 

earbonie 

aeid 


H + + HCO 


3 


biearbonate 

ion 


In this aetivity you will examine how the renal system 
eompensates for respiratory aeidosis or respiratory alkalosis. 
Respiratory aeidosis is generally caused by the accumula- 
tion of earbon dioxide in the blood from hypoventilation, but 
it ean also be caused by rebreathing. Aeidosis results in a 
lower-than-normal blood pH. Respiratory alkalosis is caused 
by a depletion of earbon dioxide, often caused by an episode 
of hyperventilation, and results in an elevated blood pH. 

You will primarily be working with the variable P COo . 
Reeall that the normal range for pH is between 7.35 and 7.45 
and the normal range for P C09 is between 35 and 45 mm Hg. 

You will observe how inereases and deereases in P COo affeet 

| _ ^ 

the levels of H and HC0 3 - that the kidneys excrete in urine. 


The functional unit for adjusting the plasma eomposition is 
the nephron. Remember that although the renal system ean 
partially eompensate for pH imbalanees with a respiratory 
cause, the kidneys eannot fully eompensate if respirations 
have not returned to normal because the earbon dioxide lev- 
els will still be abnormal. 


r \ 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: source beaker for blood (first 
beaker on left side of sereen); drain beaker for blood 
(seeond beaker on left side of sereen); simulated nephron 
(The filtrate forms in Bowman’s capsule and flows 
through the renal tubule—the tubular eomponents, and 
empties into a eolleeting duct which, in turn drains into 
the urinary bladder.); nephron tank; glomerulus— u ball” 
of eapillaries that forms part of the filtration membrane; 
glomemlar (Bowman’s) capsule—forms part of the filtra- 
tion membrane and a capsular spaee where the filtrate ini- 
tially forms; proximal convoluted tubule; loop of Henle; 
distal convoluted tubule; eolleeting duct; drain beaker for 
filtrate (beaker on right side of sereen)—siimilates the 
urinary bladder. 

v___ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 10: Aeid-Base Balanee. Click Aetivity 3: Renal 
Responses to Respiratory Aeidosis and Respiratory 
Alkalosis and take the online Pre-lab Quiz for Aetivity 3. 

After you take the online Pre-lab Quiz, eliek the Experi- 
ment tab and begin the experiment. The experiment instme- 
tions are reprinted here for your referenee. The opening 
sereen for the experiment is shown above. 



1. Note that the P COo is set to 40 mm Hg (in the normal 
range) and that the blood pH is also in the normal range. 
Click Start to start the blood flowing to the glomerulus to 
filter the blood through the kidney. 

2. Note the [H + ] and [HC0 3 - ] in the urine and eliek 
Reeord Data to display your results in the grid (and reeord 
your results in Chart 3). 


OHART3 

Renal Responses to Respiratory 
Aeidosis and Respiratory Alkalosis 

Pco 2 

Blood pH 

[H + ] in urine 

[HC0 3 ] in 
urine 














3. Click Refill to replenish the source beaker. 


P R E DIC T Question 1 

What effeet do you think lowering the P C02 will 
have on [H + ] and [HC0 3 - ] in the urine? 


4. Lower the P COo to 30 by elieking the — button beside the 
P co display. Note the eorresponding inerease in blood pH 
(above the normal range). Click Start to start the blood flow- 
ing to the glomerulus to filter the blood through the kidney. 

5. Note the [H + ] and [HC0 3 - ] in the urine and eliek 
Reeord Data to display your results in the grid (and reeord 
your results in Chart 3). 

6. Click Refill to replenish the source beaker. 
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PREDICT Question 2 

What effeet do you think raising the P C02 will 
have on [H + ] and [HC0 3 - ] in the urine? 


7. Raise the P co , to 60 by elieking the + button beside the 
P co display. Note the eorresponding deerease in blood pH 
(below the normal range). Click Start to start the blood flow- 
ing to the glomerulus to filter the blood through the kidney. 

8. Note the [H + ] and [HC0 3 - ] in the urine and eliek 
Reeord Data to display your results in the grid (and reeord 
your results in Chart 3). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 3. 

Aetivity Questions 

1. Deseribe how the kidneys respond to respiratory aeidosis. 


2. What P COo eorresponded to respiratory aeidosis? 


3. Deseribe how the kidneys respond to respiratory alkalosis. 


4. What P co ^ eorresponded to respiratory alkalosis? 


A C T I V I T Y 4 


Respiratory Responses to Metabolie 
Aeidosis and Metabolie Alkalosis 

OBJECTIVES 

1. To understand the causes of metabolie aeidosis and 
metabolie alkalosis. 

2. To observe the physiologieal ehanges that occur with an 
inerease and deerease in metabolie rate. 

3. To explain how the respiratory system eompensates for 
metabolie aeidosis and alkalosis. 


lntroduction 

Conditions of aeidosis and alkalosis that do not have res- 
piratory causes are termed metabolie aeidosis and meta- 
bolie alkalosis. Metabolie aeidosis is eharaeterized by low 


plasma HC0 3 and pH. The causes of metabolie aeidosis 
include: 

• Ketoaeidosis, a buildup of keto aeids that ean result 
from diabetes mellitus 

• Salieylate poisoning, a toxic eondition resulting from 
ingestion of too much aspirin or oil of wintergreen (a 
substance often found in laboratories) 

• The ingestion of too much aleohol, which metabolizes 
into aeetie aeid 

• Diarrhea, which results in the loss of biearbonate with 
the elimination of intestinal eontents 

• Strenuous exercise, which ean cause a buildup of laetie 
aeid from anaerobie muscle metabolism 

Metabolie alkalosis is eharaeterized by elevated plasma 
HC0 3 _ and pH. The causes of metabolie alkalosis include: 

• Ingestion of alkali, such as antaeids or biearbonate 

• Vomiting, which ean result in the loss of too much H + 

• Constipation, which may result in signifieant reabsorp- 
tion of HC0 3 _ 

inereases or deereases in the body’s normal metabolie rate 
ean also result in metabolie aeidosis or alkalosis. Reeall that 
earbon dioxide—a waste product of metabolism—mixes 
with water in plasma to form earbonie aeid, which in turn 
forms H + . 

H 2 0 + CO z h 2 C0 3 h + + hco 3 _ 

earbonie biearbonate 

aeid ion 

An inerease in the normal metabolie rate causes more earbon 
dioxide to form as a metabolie waste product, resulting in 
the formation of more H + and, therefore, lower plasma pH, 
potentially causing aeidosis. Other aeids that are also normal 
metabolie waste products (such as ketone bodies and phos- 
phorie, uric, and laetie aeids) would likewise accumulate 
with an inerease in metabolie rate. 

Conversely, a deerease in the normal metabolie rate 
causes less earbon dioxide to form as a metabolie waste 
product, resulting in the formation of less H + and, there- 
fore, higher plasma pH, potentially causing alkalosis. Many 
faetors ean affeet the rate of eell metabolism. For example, 
fever, stress, or the ingestion of food all cause the rate of 
eell metabolism to inerease. Conversely, a fall in body tem- 
perature or a deerease in food intake causes the rate of eell 
metabolism to deerease. 

The respiratory system eompensates for metabolie aei- 
dosis or alkalosis by expelling or retaining earbon dioxide in 
the blood. During metabolie aeidosis, respiration inereases to 
expel earbon dioxide from the blood, thus deereasing [H + ] 
and raising the pH. During metabolie alkalosis, respiration 
deereases to promote the accumulation of earbon dioxide in 
the blood, thus inereasing [H + ] and deereasing the pH. 

The renal system also eompensates for metabolie aeido- 
sis and alkalosis by eonserving or excreting biearbonate ions. 
Nevertheless, in this aetivity, you will focus on respiratory 
eompensation of metabolie aeidosis and alkalosis. 
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EQUIPMENT USED Thefollowingequipmentwill 
be depieted on-sereen: simulated heart pump; simulated 
lung ehamber; oseilloseope. 


Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 10: Aeid-Base Balanee. Click Aetivity 4: Res- 
piratory Responses to Metabolie Aeidosis and Metabolie 
Alkalosis, and take the online Pre-lab Quiz for Aetivity 4. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



1. You will begin by observing respiratory aetivity at nor- 
mal metabolie eonditions. Note that the metabolie rate is set 
at 50 keal/hr (the normal value for this experiment). Click 
Start to initiate breathing and blood flow. Notiee the arrows 
showing the direetion of blood flow. A graph displaying res- 
piratory aetivity will appear on the oseilloseope sereen. 

2. Note the data in the displays below the oseilloseope 
sereen and eliek Reeord Data to display your results in the 
grid (and reeord your results in Chart 4). 


3. inerease the metabolie rate to 60 keal/hr by elieking 
the + button beside the metabolie rate display. Click Start to 
initiate breathing and blood flow. 

4. Note the data in the displays below the oseilloseope 
sereen and eliek Reeord Data to display your results in the 
grid (and reeord your results in Chart 4). 

5. Click Clear Traeings to elear the traeings on the 
oseilloseope. 


PREDICT Question 1 

What do you think will happen when the 
metabolie rate is inereased to 80 keal/hr? 


6. inerease the metabolie rate to 80 keal/hr by elieking 
the + button beside the metabolie rate display. Click Start to 
initiate breathing and blood flow. 

7. Note the data in the displays below the oseilloseope 
sereen and eliek Reeord Data to display your results in the 
grid (and reeord your results in Chart 4). 

8. Click Clear Traeings to elear the traeings on the 
oseilloseope. 

9. Deerease the metabolie rate to 40 keal/hr by elieking 
the — button beside the metabolie rate display. Click Start to 
initiate breathing and blood flow. 

10. Note the data in the displays below the oseilloseope 
sereen and eliek Reeord Data to display your results in the 
grid (and reeord your results in Chart 4). 

11. Click Clear Traeings to elear the traeings on the 
oseilloseope. 


PREDICT Question 2 

What do you think will happen when the 
metabolie rate is deereased to 20 keal/hr? 


CHART 4 


Respiratory Responses to Metabolie Aeidosis and Metabolie Alkalosis 


Metabolie rate 

BPM 

(breaths/min) 

Blood pH 

Pco 2 

[H + ] in blood 

[HC0 3 -] 

in blood 
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12. Deerease the metabolie rate to 20 keal/hr by elieking the 
button beside the metabolie rate display. Click Start to initi- 
ate breathing and blood flow. 

13. Note the data in the displays below the oseilloseope 
sereen and eliek Reeord Data to display your results in the 
grid (and reeord your results in Chart 4). 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 4. 

Aetivity Questions 

1. Deseribe what happens to earbon dioxide and pH with 
inereased metabolism. 


2. Deseribe the respiratory response to metabolie aeidosis. 


3. When the respiratory system eompensates for the meta- 
bolie aeidosis, does the pH inerease or deerease in value? 


4. Deseribe the respiratory response to metabolie alkalosis. 
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AOTIVITY 1 


Hyperventilation 


1. Deseribe the normal ranges for pH and earbon dioxide in the blood. 



Deseribe what happened to the pH and the earbon dioxide levels with hyperventilation. How well did the results eompare 
with your predietion?_ 


3. Explain how returning to normal breathing after hyperventilation differed from hyperventilation without returning to normal 
breathing._ 


4. Deseribe some possible causes of respiratory alkalosis. 


A C T I V I T Y 2 


Rebreathing 



Deseribe what happened to the pH and the earbon dioxide levels during rebreathing. How well did the results eompare with 
your predietion?_ 


2. Deseribe some possible causes of respiratory aeidosis. 
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3. Explain how the renal system would eompensate for respiratory aeidosis. 


ACTIVITY 3 


Renal Responses to Respiratory Aeidosis and Respiratory Alkalosis 



Deseribe what happened to the eoneentration of ions in the urine when the P COo was lowered. How well did the results 
eompare with your predietion?_ 


2. What eondition was simulated when the P co was lowered? 


3. Deseribe what happened to the eoneentration of ions in the urine when the P COo was raised. How well did the results eompare 
with your predietion?_ 


4. What eondition was simulated when the P C07 was raised? 



Respiratory Responses to Metabolie Aeidosis and Metabolie Alkalosis 


1. Deseribe what happened to the blood pH when the metabolie rate was inereased to 80 keal/hr. What body system was 


eompensating? How well did the results eompare with your predietion? 


2. List and deseribe some possible causes of metabolie aeidosis. 
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3. Deseribe what happened to the blood pH when the metabolie rate was deereased to 20 keal/hr. What body system was 
eompensating? How well did the results eompare with your predietion?_ 


4. List and deseribe some possible causes of metabolie alkalosis. 
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Blood Analysis 


PRE-LAB Q U I Z 

1. The pereentage of erythroeytes in a sample of vvhole blood is measured 
by the: 

a. hemoglobin 

b. hematoerit 

e. ABO blood type 

d. erythropoietin 

2. Oirele the eorreet underlined term: The protein that transports oxygen 
from the lungs to the eells of the body is hemoglobin / hematoerit . 

3. A lovver-than-normal hematoerit is knovvn as_, in vvhieh 

insufficient oxygen is transported to the body eells. 

a. polyeythemia 

b. hemophilia 

e. hemoehromatosis 

d. anemia 

4. The erythroeyte sedimentation rate (ESR) ean be used to follovv the 
progression of all of the follovving diseases or eonditions except: 

a. anemia 

b. rheumatoid arthritis 

e. acute appendieitis (vvithin 24 hours) 
d. myoeardial infaretion 

5. Circle the eorreet underlined term: A rouleaux formation / 
hemoglobinometer will be used to eompare a standard eolor value 
to an experimental sample to determine hemoglobin eontent. 

6. Circle the eorreet underlined term: A person with type AB / O blood has 
two reeessive alleles and has neither type A nor type B antigen. 

7. Oirele True or False: Blood transfusion reaetions are of little eonse- 
quence and occur when the reeipient has antibodies that reaet with the 
antigens present on the transfused eells. 


Exercise Overview 

Blood transports soluble substances to and from all eells of the body. Labora- 
tory analysis of our blood ean reveal important information about how well this 
function is being aehieved. The five aetivities in this exercise simulate eommon 
laboratory tests performed on blood: (1) hematoerit determination, (2) erythro- 
eyte sedimentation rate , (3) hemoglobin determination, (4) blood typing, and (5) 
total eholesterol determination. 

Hematoerit refers to the pereentage of red blood eells (RBCs), or erythro- 
eytes, in a sample of whole blood. A hematoerit of 48 means that 48% of the vol- 
ume of blood eonsists of RBCs. RBCs transport oxygen to the eells of the body. 
Therefore, the higher the hematoerit, the more RBCs are present in the blood and 
the greater the oxygen-carrying potential of the blood. Males usually have higher 
hematoerit levels than females because males have higher levels of testosterone. 
In addition to promoting the male sex eharaeteristies, testosterone is responsi- 
ble for stimulating the release of erythropoietin from the kidneys. Erythropoietin 
(EPO) is a hormone that stimulates the synthesis of RBCs. Therefore, higher lev- 
els of testosterone lead to more EPO seeretion and, thus, higher hematoerit levels. 

The erythroeyte sedimentation rate (ESR) measures the settling of RBCs 
in a vertieal, stationary tube of blood during one hour. In a healthy individual, 
RBCs do not settle very much in an hour. In some disease eonditions, inereased 
production of fibrinogen and immunoglobulins causes the RBCs to clump 
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together, staek up, and form a column (ealled a rouleaux 
formation). RBCs in a rouleaux formation are heavier and 
settle faster (that is, they display an inerease in the sedimen- 
tation rate.) 

Hemoglobin (Hb), a protein found in RBCs, is neees- 
sary for the transport of oxygen from the lungs to the eells of 
the body. Four polypeptide ehains of amino aeids eomprise 
the globin part of the molecule. Eaeh polypeptide ehain has a 
heme unit—a group of atoms that includes an atom of iron to 
which a molecule of oxygen binds. Eaeh polypeptide ehain, 
if it folds eorreetly, ean bind a molecule of oxygen. There- 
fore, eaeh hemoglobin molecule ean earry four molecules of 
oxygen. Oxygen eombined with hemoglobin forms oxyhe- 
moglobin, which has a bright red eolor. 

All of the eells in the human body, including RBCs, are 
surrounded by a plasma membrane that eontains genetieally 
determined glyeoproteins, ealled antigens. On RBC mem- 
branes, there are eertain antigens, ealled agglutinogens, that 
determine a person’s blood type. Blood typing is used to 
identify the ABO blood groups, which are determined by 
the presenee or absenee of two antigens: type A and type B. 
Because these antigens are genetieally determined, a person 
has two eopies (alleles) of the gene for these antigens, one 
eopy from eaeh parent. 

Cholesterol is a lipid substance that is essential for life— 
it is an important eomponent of all eell membranes and is the 
base molecule of steroid hormones, vitamin D, and bile salts. 
Cholesterol is produced in the human liver and is present in 
some foods of animal origin, such as milk, meat, and eggs. 
Because eholesterol is a hydrophobie lipid, it needs to be 
wrapped in protein paekages, ealled lipoproteins, to travel in 
the blood (which is mostly water) from the liver and digestive 
organs to the eells of the body. 


A C T I V I T Y 1 


Hematoerit Determination 

OBJECTIVES 

1. To understand the terms hematoerit, red blood eells, 
hemoglobin, buffy eoat, anemia, and polyeythemia. 

2. To understand how the hematoerit (paeked red blood 
eell volume) is determined. 

3. To understand the implieations of elevated or deereased 
hematoerit. 

4. To understand the importanee of proper disposal of 
laboratory material that eomes in eontaet with blood. 


lntroduction 

Hematoerit refers to the pereentage of red blood eells 
(RBCs), or erythroeytes, in a sample of whole blood. A 
hematoerit of 48 means that 48% of the volume of blood eon- 
sists of RBCs. RBCs transport oxygen to the eells of the body. 
Therefore, the higher the hematoerit, the more RBCs are pres- 
ent in the blood and the higher the oxygen-carrying potential 
of the blood. Hematoerit values are determined by spinning a 
mieroeapillary tube filled with a sample of whole blood in a 
speeial mierohematoerit centrifuge. This procedure separates 
the blood eells from the blood plasma. A buffy eoat layer 


of white blood eells (WBCs) appears as a thin, white layer 
between the heavier RBC layer and the lighter, yellow plasma. 

The hematoerit is determined after centrifuging by 
measuring the height of the RBC layer (in millimeters) 
and dividing that by the height of the total blood sample 
(in millimeters). This calculation gives the pereentage of the 
total blood volume eonsisting of RBCs. The average hemat- 
oerit for males is 42-52%, and the average hematoerit for 
females is 37-47%. A lower-than-normal hematoerit indi- 
eates anemia, and a higher-than-normal hematoerit indi- 
eates polyeythemia. 

Anemia is a eondition in which insufficient oxygen 
is transported to the body’s eells. There are many possi- 
ble causes for anemia, including inadequate numbers of 
RBCs, a deereased amount of the oxygen-carrying pigment 
hemoglobin in the RBCs, and abnormally shaped hemo- 
globin. The heme portion of a hemoglobin molecule eontains 
an atom of iron to which a molecule of oxygen ean bind. 
If adequate iron is not available, the body eannot manufac- 
ture hemoglobin, resulting in the eondition iron-defieieney 
anemia. Aplastie anemia results from the failure of the bone 
marrow to produce adequate red blood eell numbers. Siekle 
eell anemia is an inherited eondition in which the protein por- 
tion of hemoglobin molecules folds ineorreetly when oxygen 
levels are low. As a result, oxygen molecules eannot bind to 
the misshapen hemoglobin, the RBCs develop a siekle shape, 
and anemia results. Regardless of the underlying cause, ane- 
mia causes a reduction in the blood’s ability to transport oxy- 
gen to the eells of the body. 

Polyeythemia refers to an inerease in RBCs, resulting in 
a higher-than-normal hematoerit. There are many possible 
causes of polyeythemia, inehiding living at high altitudes, 
strenuous athletie training, and tumors in the bone marrow. 
In this aetivity you will simulate the blood test used to deter- 
mine hematoerit. 

( x 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: six heparinized eapillary tubes 
(heparin keeps blood from elotting); blood samples from 
six individuals: sample 1: a healthy male living in Boston, 
sample 2: a healthy female living in Boston, sample 3: a 
healthy male living in Denver, sample 4: a healthy female 
living in Denver, sample 5: a male with aplastie anemia, 
sample 6: a female with iron-defieieney anemia; eapillary 
tube sealer—a elay material (shown as an orange-yellow 
substance) used to seal the eapillary tubes on one end so the 
blood sample ean be centrifuged without having the blood 
spray out of the tube; mierohematoerit centrifuge—used to 
centrifuge the samples (rotates at 14,500 revohitions per 
minute); metrie mler; biohazardous waste disposal—used 
to properly dispose of equipment that eomes in eontaet with 
blood. 

v_ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and ehek 
Exercise 11: Blood Analysis. Click Aetivity 1: Hematoerit 
Determination, and take the online Pre-lab Quiz for Aetivity 1. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
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instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



1. Drag a heparinized eapillary tube to the first test tube 
(make sure the eapillary tube touches the blood) to fill the 
eapillary tube with the first patient’s sample (the sample from 
the healthy male living in Boston). 

2. Drag the eapillary tube eontaining sample 1 to the eon- 
tainer of eapillary tube sealer to seal one end of the tube. 

3. Drag the eapillary tube to the mierohematoerit eentri- 
fuge. The remaining samples will automatically be prepared 
for centrifugation. 

4. Note that the timer is set to 5 minutes. Click Start to een- 
trifuge the samples for 5 minutes at 14,500 revolutions per 
minute. The simulation eompresses the 5-minute time period 
into 5 seeonds of real time. 


5. Drag eapillary tube 1 from the centrifuge to the metrie 
ruler to measure the height of the column of blood and the 
height of eaeh layer. 

6. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 1). 

7. Drag eapillary tube 1 to the biohazardous waste disposal. 

PREDICT Question 1 

Prediet how the hematoerits of the patients 
living in Denver, Colorado (approximately one 
mile above sea level), will eompare with the 
hematoerit levels of the patients living in Boston, 
Massachusetts (at sea level). 


8. You will now measure the column and layer heights of 
the remaining samples. 

• Drag the next eapillary tube from the centrifuge to the 
metrie rnler. 

• Click Reeord data to display your results in the grid 
(and reeord your results in Chart 1). The tube will auto- 
matieally be plaeed in the biohazardous waste disposal. 

Repeat this step for eaeh of the remaining samples. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 1. 


C H ART 1 


Hematoerit Determination 



Total height of 
column of blood 
(mm) 

Height of red 
blood eell layer 
(mm) 

Height of buffy 
eoat (mm) 

Hematoerit 

% WBC 

Sample 1 
(healthy male 
living in Boston) 






Sample 2 
(healthy female 
living in Boston) 






Sample 3 
(healthy male 
living in Denver) 






Sample 4 
(healthy female 
living in Denver) 






Sample 5 
(male with 
aplastie anemia) 






Sample 6 (female 
with iron-defieieney 
anemia) 
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Aetivity Questions 

1. How do you calculate the hematoerit after you centrifuge 
the total blood sample? What does the result of this calcula- 
tion indieate? 


2. What is the signifieanee of the “buffy eoat” after you 
centrifuge the total blood sample? 


3. As noted in the Exercise Overview, the average hemato- 
erit for males is 42-52%, the average hematoerit for females 
is 37-47%, and erythropoietin is a hormone that is responsi- 
ble for the synthesis of RBCs. Given this information, explain 
how a female could have a eonsistent hematoerit of 48, large, 
well-defined skeletal muscles, and an abnormally deep voiee. 


A C T I V I T Y 2 


Erythroeyte Sedimentation Rate 

OBJECTIVES 

1. To understand erythroeyte sedimentation rate (ESR), red 
blood eells (RBCs), and rouleaux formation. 

2. To learn how to perform an erythroeyte sedimentation 
rate blood test. 

3. To understand the results (and their implieations) from 
an erythroeyte sedimentation rate blood test. 

4. To understand the importanee of proper disposal of 
laboratory material that eomes in eontaet with blood. 


lntroduction 

The erythroeyte sedimentation rate (ESR) measures the 
settling of red blood eells (RBCs) in a vertieal, stationary 
tube of whole blood during one hour. In a healthy individual, 
red blood eells do not settle very much in an hour. In some 
disease eonditions, inereased production of fibrinogen and 
immunoglobulins cause the RBCs to clump together, staek up, 
and form a dark red column (ealled a rouleaux formation). 
RBCs in a rouleaux formation are heavier and settle faster 
(that is, they exhibit an inerease in the settling rate). 

The ESR is neither very speeifie nor diagnostie, but it 
ean be used to follow the progression of eertain diseases, 
including siekle eell anemia, some eaneers, and inflamma- 
tory diseases, such as rheumatoid arthritis. When the disease 
worsens, the ESR inereases. When the disease improves, the 
ESR deereases. 


The ESR ean be elevated in iron-defieieney anemia, and 
menstmating females sometimes develop anemia and show 
an inerease in ESR. The ESR ean also be used to evaluate 
a patient with ehest pains because the ESR is elevated in 
established myoeardial infaretion (heart attaek) but normal 
in angina peetoris (ehest pain without myoeardial infare- 
tion). Similarly, it ean be useful in sereening a female patient 
with severe abdominal pains because the ESR is not elevated 
within the first 24 hours of acute appendieitis but is elevated 
in the early stage of acute pelvie inflammatory disease (PID) 
or ruptured eetopie pregnaney. 

r \ 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: blood samples from six indi- 

viduals (eaeh sample has been treated with the antieo- 

agulant heparin): sample 1: healthy individual, sample 2: 

menstmating female, sample 3: individual with siekle eell 

anemia, sample 4: individual with iron-defieieney ane- 

mia, sample 5: individual suffering a myoeardial infare- 

tion, sample 6: individual with angina peetoris; sodium 

eitrate—used to bind with calcium and prevent the blood 

samples from elotting so they ean be easily poured into 

the narrow sedimentation rate tubes; test tubes—used as 

reaetion vessels for the tests; sedimentation tubes (eon- 

tained in eabinet); magnifying ehamber—used to help 

read the millimeter markings on the sedimentation tubes; 

biohazardous waste disposal—used to properly dispose of 

equipment that eomes in eontaet with blood. 
v_ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 

Exercise 11: Blood Analysis. Click Aetivity 2: Erythroeyte 
Sedimentation Rate, and take the online Pre-lab Quiz for 

Aetivity 2. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



1. Drag a test tube to the first holder (1) in the orbital shak- 
ing unit. Five more test tubes will automatically be plaeed 
into the unit. 
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2. Drag the dropper eap of the sample 1 bottle (the sample 
from the healthy individual) to the first test tube (1) in the 
orbital shaking unit to dispense one milliliter of blood into 
the tube. The remaining five samples will be automatically 
dispensed. 

3. Drag the dropper eap of the 3.8% sodium eitrate bottle to 
the first test tube to dispense 0.5 milliliters of sodium eitrate 
into eaeh of the tubes. 

4. Click Mix to mix the samples. 

5. Drag the first test tube to the first sedimentation tube in 
the incubator to pour the eontents of the test tube into the 
sedimentation tube. 

6. Drag the now empty test tube to the biohazardous waste 
disposal. The eontents of the remaining test tubes will auto- 
matieally be poured into the sedimentation tubes, and the 
empty tubes will automatically be plaeed in the biohazardous 
waste disposal. 

7. Note that the timer is set to 60 minutes. Click Start to 
incubate the sedimentation tubes for 60 minutes. The simula- 
tion eompresses the 60-minute time period into 6 seeonds of 
real time. 

8. Drag the first sedimentation tube to the magnifying 
ehamber to examine the tube. The tube is marked in milli- 
meters (the distanee between two marks is 5 mm). 

9. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 2). 

10. Drag the sedimentation tube to the biohazardous waste 
disposal. 

PREDICT Question 1 

How will the sedimentation rate for sample 6 
(iinhealthy individual) eompare with the sedi- 
mentation rate for sample 1 (healthy individual)? 


11. You will now measure the sedimentation rate for the 
remaining samples. 


• Drag the next sedimentation tube to the magnifying 
ehamber to examine the tube. 

• Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 2). The tube will auto- 
matieally be plaeed in the biohazardous waste disposal. 

Repeat this step for eaeh of the remaining samples. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 2. 

Aetivity Questions 

1. Why is ESR useful, even though it is neither speeifie nor 
sensitive? 


2. Deseribe the physieal proeess underlying an aeeelerated 
erythroeyte sedimentation rate. 


A C T I V I T Y 3 


Hemoglobin Determination 

OBJECTIVES 

1. To understand the terms hemoglobin (Hb), anemia, 
heme, oxyhemoglobin, and hemoglobinometer. 

2. To learn how to determine the amount of hemoglobin in 
a blood sample. 

3. To understand the results and their implieations when 
examining the amounts of hemoglobin present in a 
blood sample. 

4. To understand the importanee of proper disposal of 
laboratory material that eomes in eontaet with blood. 


CHART 2 


Erythroeyte Sedimentation Rate 


Blood sample 

Distanee RBCs have 

settled (mm) 

Elapsed time 

Sedimentation rate 

Sample 1 (healthy individual) 




Sample 2 (menstmating female) 




Sample 3 (individual with 
siekle eell anemia) 




Sample 4 (individual with 
iron-defieieney anemia) 




Sample 5 (individual suffering 
a myoeardial infaretion) 




Sample 6 (individual with 
angina peetoris) 
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Exercise 11 


lntroduction 

Hemoglobin (Hb), a protein found in red blood eells, is nee- 
essary for the transport of oxygen from the lungs to the eells 
of the body. Four polypeptide ehains of amino aeids eomprise 
the globin part of the molecule. Eaeh polypeptide ehain has a 
heme unit—a group of atoms that includes an atom of iron to 
which a molecule of oxygen binds. Eaeh polypeptide ehain, if 
it folds eorreetly, ean bind a molecule of oxygen. Therefore, 
eaeh hemoglobin molecule ean earry four molecules of oxygen. 
Oxygen eombined with hemoglobin forms oxyhemoglobin, 
which has a bright-red eolor. Anemia results when insufficient 
oxygen is earried in the blood. 

A quantitative hemoglobin measurement is used to 
determine the elassifieation and possible causes of anemia 
and also gives useful information on some other disease eon- 
ditions. For example, a person ean have anemia with a nor- 
mal red blood eell count if there is inadequate hemoglobin 
in the red blood eells. Normal blood eontains an average 
of 12-18 grams of hemoglobin per 100 milliliters of blood. 
A healthy male has 13.5-18 g/100 ml and a healthy female 
has 12-16 g/100 ml. Hemoglobin levels inerease in patients 
with polyeythemia, eongestive heart failure, and ehronie 
obstmetive pulmonary disease (COPD). Hemoglobin levels 
also inerease when dwelling at high altitudes. Hemoglobin 
levels deerease in patients with anemia, hyperthyroidism, eir- 
rhosis of the liver, renal disease, systemie lupus erythemato- 
sus, and severe hemorrhage. 

The hemoglobin level of a blood sample is determined by 
stirring the blood with a wooden stiek to rupture, or lyse, the 
red blood eells. The eolor intensity of the hemolyzed blood 
refleets the amount of hemoglobin present. A hemoglobi- 
nometer transmits green light through the hemolyzed blood 
sample and then eompares the amount of light that passes 
through the sample to standard eolor intensities to determine 
the hemoglobin eontent of the sample. 

f "\ 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: blood samples from five indi- 
viduals: sample 1: healthy male, sample 2: healthy female, 
sample 3: female with iron-defieieney anemia, sample 4: 
male with polyeythemia, sample 5: female Olympie ath- 
lete; hemolysis stieks—used to stir the blood samples to 
lyse the red blood eells, thereby releasing their hemo- 
globin; blood ehamber dispenser—used to dispense a 
blood ehamber slide with a depression for the blood sam- 
ple; hemoglobinometer—used to analyze the hemoglobin 
level in eaeh sample; biohazardous waste disposal—used 
to properly dispose of equipment that eomes in eontaet 
with blood. 

v_ J 

Experiment instmetions 


After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



1. Drag a elean blood ehamber slide from the blood eham- 
ber dispenser to the workbench. 

2. Drag the bottle eap from the sample 1 bottle (the sample 
from the healthy male) to the depression in the blood eham- 
ber slide to dispense a drop of blood into the depression. 

3. Drag a hemolysis stiek to the drop of blood in the eham- 
ber to stir the blood sample for 45 seeonds, lysing the red 
blood eells and releasing their hemoglobin. 

4. Drag the hemolysis stiek to the biohazardous waste dis- 
posal. 

5. Drag the blood ehamber slide to the dark rectangular slot 
on the hemoglobinometer to analyze the sample. After you 
insert the blood ehamber slide into the hemoglobinometer, 
you will see a blowup of the inside of the hemoglobinometer. 

6. The left half of the circular field shows the intensity of 
green light transmitted by blood sample 1. The right half 
of the circular field shows the intensity of green light for 
known levels of hemoglobin present in blood. Drag the lever 
on the right side of the hemoglobinometer down until the 
shade of green in the right half of the field matehes the shade 
of green in the left half of the field and then eliek Reeord 
Data to display your results in the grid (and reeord your 
results in Chart 3). 

7. Click Ejeet to remove the blood ehamber slide from the 
hemoglobinometer. 

8. Drag the blood ehamber slide from the hemoglobinom- 
eter to the biohazardous waste disposal. 


Go to the home page in the PhysioEx software and eliek 

Exercise 11: Blood Analysis. Click Aetivity 3: Hemo- REDICT Question 1 

globin Determination, and take the online Pre-lab Quiz How will the hemoglobin levels for the female 

for Aetivity 3 Olympie athlete (sample 5) eompare with the 

hemoglobin levels for the healthy female (sample 2)? 
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CHART 3 

Hemoglobin Determination 

Blood 

sample 

Hb in grams 
per100 ml 
of blood 

Hematoerit 

(PCV) 

Ratio of 
PCV to Hb 

Sample 1 
(healthy male) 


48 


Sample 2 

(healthy 

female) 


44 


Sample 3 
(female 
with iron- 
defieieney 
anemia) 


40 


Sample 4 
(male with 
polyeythemia) 


60 


Sample 5 
(female 

Olympie 

athlete) 


60 



9. You will now measure the hemoglobin levels for eaeh of 
the remaining samples. 

• Drag a blood ehamber slide to the workbench. 

• Drag the bottle eap from the next sample bottle to the 
depression in the slide. 

• Drag a hemolysis stiek to the drop of blood in the eham- 
ber (after stirring the sample, the hemolysis stiek will au- 
tomatieally be plaeed in the biohazardous waste disposal). 

• Drag the blood ehamber slide to the dark rectangular 
slot on the hemoglobinometer. 

• Drag the lever on the right side of the hemoglobinom- 
eter down until the shade of green in the right half of the 
field matehes the shade of green in the left half of the 
field and then eliek Reeord Data to display your results 
in the grid (and reeord your results in Chart 3). 

• Click Ejeet to remove the blood ehamber slide from 
the hemoglobinometer (the slide will automatically be 
plaeed in the biohazardous waste disposal). 

Repeat this step until you analyze all five samples. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 3. 

Aetivity Questions 

1. As mentioned in the introduction to this aetivity, hemo- 
globin levels inerease for people living at high altitudes. Given 
that the atmospherie pressure of oxygen signifieantly deelines 
as you aseend to higher elevations, why do you think hemo- 
globin levels would inerease for those living at high altitudes? 


2. Just by looking at the eolor of a freshly drawn blood 
sample, how could you distinguish between blood that is well 
oxygenated and blood that is poorly oxygenated? 


A C T I V I T Y 4 


Blood Typing 

OBJECTIVES 

1. To understand the terms antigens, agglutinogens, ABO 
antigens, Rh antigens, and agglutinins. 

2. To learn how to perform a blood-typing assay. 

3. To understand the results and their implieations when 
examining agglutination reaetions. 

4. To understand the importanee of proper disposal of 
laboratory material that eomes in eontaet with blood. 


lntroduction 

All of the eells in the human body, including red blood eells, 
are surrounded by a plasma membrane that eontains genetieally 
determined glyeoproteins, ealled antigens. On red blood eell 
membranes, there are eertain antigens, ealled agglutinogens, 
that determine a person’s blood type. If a blood transfusion 
reeipient has antibodies (ealled agglutinins) that reaet with 
the antigens present on the transfused eells, the red blood eells 
will beeome clumped together, or agglutinated, and then lysed, 
resulting in a potentially life-threatening blood transfusion 
reaetion. It is therefore important to determine an individual’s 
blood type before performing blood transfusions to avoid 
mixing ineompatible blood. Although many different anti- 
gens are present on red blood eell membranes, the ABO and 
Rh antigens cause the most vigorous and potentially fatal 
transfusion reaetions. 

The ABO blood groups are determined by the presenee 
or absenee of two antigens: type A and type B. Because these 
antigens are genetieally determined, a person has two eopies 
(alleles) of the gene for these proteins, one eopy from eaeh 
parent. The presenee of these antigens is due to a dominant 
allele, and their absenee is due to a reeessive allele. 

• A person with type A blood ean have two alleles for the 
type A antigen or one allele for the type A antigen and 
one allele for the absenee of either the type A or type B 
antigen. 

• A person with type B blood ean have two alleles for the 
type B antigen or one allele for the type B antigen and 
one allele for the absenee of either the type A or type B 
antigen. 

• A person with type AB blood has one allele for the type 
A antigen and one allele for the type B antigen. 

• A person with type O blood has two reeessive alleles 
and has neither the type A nor type B antigen. 
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Exercise 11 


TABLE 11.1 

ABO Blood Types 

Blood type 

Antigens 
on RBCs 

Antibodies present 
in plasma 

A 

A 

anti-B 

B 

B 

anti-A 

AB 

A and B 

none 

0 

none 

anti-A and anti-B 


Antibodies against the A and B antigens are found pre- 
formed in the blood plasma. A person has antibodies only for 
the antigens not on his or her red blood eells, so a person with 
type A blood will have anti-B antibodies. View Table 11.1 for 
a summary of the antigens on red blood eells and the antibod- 
ies in the plasma for eaeh blood type. 

The Rh faetor is another genetieally determined protein 
that ean be present on red blood eell membranes. Approxi- 
mately 85% of the population is Rh positive (Rh + ), and their 
red blood eells have this protein on their surface. Antibodies 
against the Rh faetor are not found preformed in the plasma. 
They are produced by an Rh negative (Rh _ ) individual only 
after exposure to blood eells from someone who is Rh + . Such 
exposure ean occur during pregnaney when Rh + blood eells 
from the baby eross the plaeenta and expose the mother to 
the antigen. 

To determine an individual’s blood type, drops of an 
individual’s blood sample are mixed separately with antise- 
rum eontaining antibodies to either type A antigens, type B 
antigens, or Rh antigens. An agglutination reaetion (showing 
clumping) indieates the presenee of the agglutinogen. 



1. Drag a blood-typing slide from the slide dispenser to the 
workbench. Note that the three wells on the slide are labeled 
“A,” “B,” and “Rh.” 

2. Drag the dropper eap of the sample 1 bottle to well A on 
the blood-typing slide to dispense a drop of blood into eaeh 
well. 

3. Drag the dropper eap of the anti-A semrn bottle to well A 
on the blood-typing slide to dispense a drop of anti-A semrn 
into the well. 

4. Drag the dropper eap of the anti-B semm bottle to well B 
on the blood-typing slide to dispense a drop of anti-B semm 
into the well. 

5. Drag the dropper eap of the anti-Rh semm bottle to well 
Rh on the blood-typing slide to dispense a drop of anti-Rh 
semm into the well. 


r 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: blood samples from six indi- 

viduals with different blood types; anti-A semm (blue 

bottle), anti-B semm (yellow bottle), and anti-Rh semm 

(white bottle), eontaining antibodies to the A antigen, B 

antigen, and Rh antigen, respeetively; blood-typing slide 

dispenser; eolor-eoded stirring stieks—used to mix the 

blood sample and the semm (blue: used with anti-A semm, 

yellow: used with the anti-B semm, white: used with the 

anti-Rh semm); light box—used to view the blood type 

samples; biohazardous waste disposal—used to properly 

dispose of equipment that eomes in eontaet with blood. 
v___ j 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 11, Blood Analysis. Click Aetivity 4, Blood 
Typing, and take the online Pre-lab Quiz for Aetivity 4. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown above. 


6. Drag a blue-tipped stirring stiek to well A to mix the 
blood and anti-A semm. 

7. Drag the stirring stiek to the biohazardous waste 

disposal. 

8. Drag a yellow-tipped stirring stiek to well B to mix the 
blood and anti-B semm. 

9. Drag the stirring stiek to the biohazardous waste 

disposal. 

10. Drag a white-tipped stirring stiek to well Rh to mix the 
blood and anti-Rh semm. 

11. Drag the stirring stiek to the biohazardous waste 

disposal. 

12. Drag the blood-typing slide to the light box and then 
eliek Light to analyze the slide. 

13. Under eaeh of the wells, eliek Positive if agglutination 
occurred (the sample shows clumping) or eliek Negative if 
agglutination did not occur (the sample looks smooth). 
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CHART 4 


Blood Typing Resiilts 


Blood sample 

Agglutination with 
anti-A serum 

Agglutination with 
anti-B serum 

Agglutination with 
anti-Rh serum 

Blood type 

1 





2 





3 





4 





5 





6 






14. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). 

15. Drag the blood-typing slide to the biohazardous waste 
disposal. 

PREDICT Question 1 

If the patient’s blood type is AB“ what would be 
the appearanee of the A, B, and Rh samples? 


16. You will now analyze the remaining samples. 

• Drag a blood-typing slide from the slide dispenser to 
the workbench. The next sample will be added to eaeh 
well on the slide, the appropriate antisemm will be add- 
ed to eaeh well, the sample and antisera will be mixed, 
and the slide will be plaeed in the light box. 

• Under eaeh of the wells, eliek Positive if agglutina- 
tion occurred (the sample shows clumping) or eliek 
Negative if agglutination did not occur (the sample 
looks smooth). 

• Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). 

Repeat this step until you analyze all six samples. 

17. You will now indieate the blood type for eaeh sample and 
indieate whether the sample is Rh positive or Rh negative. 

• Click the row for the sample in the grid (and reeord 
your results in Chart 4). 

• Click A, B, AB, or O above the blood type column to 
indieate the blood type. 

• Click the — button or the + button above the blood type 
column to indieate whether the sample is Rh negative or 
Rh positive. 

Repeat this step for all six samples. Reeord your results 
in Chart 4. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 4. 

Aetivity Questions 

1. Antibodies against the A and B antigens are found in the 
plasma, and a person has antibodies only for the antigens that 


are not present on their red blood eells. Using this information, 
list the antigens found on red blood eells and the antibodies in 
the plasma for blood types 1) AB-, 2) 0+, 3) B-, and 4) A+. 


2. If an individual reeeives a bone marrow transplant from 
someone with a different ABO blood type, what happens to 
the reeipient’s ABO blood type? 


A C T I V I T Y 5 


Blood Oholesterol 

OBJECTIVES 

1. To understand the terms eholesterol, Hpoproteins, 
low-density lipoprotein (LDL), hypoeholesterolemia, 
hypereholesterolemia, and atheroselerosis. 

2. To learn how to test for total blood eholesterol using a 
eolorimetrie assay. 

3. To understand the results and their implieations when 
examining total blood eholesterol. 

4. To understand the importanee of proper disposal of 
laboratory material that eomes in eontaet with blood. 


lntroduction 

Cholesterol is a lipid substance that is essential for life—it 
is an important eomponent of all eell membranes and is the 
base molecule of steroid hormones, vitamin D, and bile salts. 
Cholesterol is produced in the human liver and is present in 
some foods of animal origin, such as milk, meat, and eggs. 
Because eholesterol is a water-insoluble lipid, it needs to be 
wrapped in protein paekages, ealled lipoproteins, to travel in 
the blood (which is mostly water) from the liver and digestive 
organs to the eells of the body. 

One type of lipoprotein paekage, ealled low-density 
lipoprotein (LDL), has been identified as a potential source 
of damage to the interior of arteries. LDLs ean contribute to 
atheroselerosis, the buildup of plaque, in these blood vessels. 
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A total blood eholesterol determination does not measure the 
level ofLDLs, but it does provide valuable information about 
the total amount of eholesterol in the blood. 

Less than 200 milligrams of total eholesterol per deeiliter 
of blood is eonsidered desirable. Between 200 and 239 mg/dl 
is eonsidered borderline high eholesterol. Over 240 mg/dl is 
eonsidered high blood eholesterol (hypereholesterolemia) 
and is assoeiated with an inereased risk of cardiovascular 
disease. Abnormally low blood eholesterol levels (total eho- 
lesterol lower than 100 mg/dl) ean also suggest a problem. 
Low levels may indieate hyperthyroidism (overaetive thyroid 
gland), liver disease, inadequate absorption of nutrients from 
the intestine, or malnutrition. Other reports link hypoeholes- 
terolemia (low blood eholesterol) to depression, anxiety, and 
mood disturbances, which are thought to be eontrolled by the 
level of available serotonin, a neurotransmitter. There is evi- 
denee of a relationship between low levels of blood eholes- 
terol and low levels of serotonin in the brain. 

In this test for total blood eholesterol, a sample of blood 
is mixed with enzymes that produce a eolored reaetion with 
eholesterol. The intensity of the eolor indieates the amount of 
eholesterol present. The eholesterol tester eompares the eolor 
of the sample to the eolors of known levels of eholesterol 
(standard values). 


1. Drag an aleohol wipe over the end of the first patient’s 
finger. 

2. Drag the aleohol wipe to the biohazardous waste dis- 
posal. 

3. Drag a laneet to the tip of the patient’ s finger to priek the 
finger and obtain a drop of blood. 

4. Drag the laneet to the biohazardous waste disposal. 

5. Drag a eholesterol strip to the finger to transfer a drop of 
blood from the patient’s finger to the strip. 

6. Drag the eholesterol strip to the rectangular box to the 
right of the eolor wheel. 

7. Click Start to start the timer. It takes three minutes for 
the ehemieals in the eholesterol strip to reaet with the blood. 
The simulation eompresses the 3-minute time period into 
3 seeonds of real time. 

8. Click the eolor on the eolor wheel that most elosely 
matehes the eolor on the eholesterol strip. 

9. Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 5). 


( \ 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: laneets—sharp, needlelike 

instmments used to priek the finger to obtain a drop of 

blood; four patients (represented by an extended finger); 

aleohol wipes—used to eleanse the patient’s fingertip 

before it is punctured with the laneet; eolor wheel— 

divided into shades of green that eorrespond to total eho- 

lesterol levels; eholesterol strips—eontain ehemieals that 

eonvert, by a series of reaetions, the eholesterol in the 

blood sample into a green-eolored solution; biohazardous 

waste disposal—used to properly dispose of equipment 

that eomes in eontaet with blood. 
v_ J 


Experiment instmetions 


Go to the home page in the PhysioEx software and eliek 
Exercise 11: Blood Analysis. Click Aetivity 5: Blood Cho- 
lesterol, and take the online Pre-lab Quiz for Aetivity 5. 

After you take the online Pre-lab Quiz, eliek the Experi- 
ment tab and begin the experiment. The experiment instme- 
tions are reprinted here for your referenee. The opening 
sereen for the experiment is shown below. 
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CHART 5 


Total Oholesterol Determination 


Blood sample 

Approximate 
total eholesterol 
(mg/dl) 

Cholesterol level 

1 



2 



3 



4 




10. Drag the eholesterol test strip to the biohazardous waste 
disposal. 


PREDICT Question 1 

Patient 4 prefers to eook all his meat in lard or 
baeon grease. Knowing this dietary preferenee, 
you antieipate his total eholesterol level to be: 


11. You will now test the total eholesterol levels for the 
remaining patients. 

• Drag an aleohol wipe over the end of the patient’s fin- 
ger. The aleohol wipe will automatically be plaeed in 
the biohazardous waste disposal. 

• Drag a laneet to the tip of the patient’ s finger to priek the 
finger and obtain a drop of blood. The laneet will auto- 
matieally be plaeed in the biohazardous waste disposal. 

• Drag a eholesterol strip to the finger to transfer a drop 
of blood from the patient’s finger to the strip. 
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• Drag the eholesterol strip to the rectangular box to the 
right of the eolor wheel. The timer will automatically 
run for three minutes to allow the ehemieals in the eho- 
lesterol strip to reaet with the blood. 

• Click the eolor on the eolor wheel that most elosely 
matehes the eolor on the eholesterol strip. 

• Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 5). The eholesterol 
strip will automatically be plaeed in the biohazardous 
waste disposal. 

Repeat this step until you determine the total eholesterol 
levels for all four patients. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 5. 


Aetivity Questions 

1. Why do eholesterol plaques occur in arteries and not 
veins? 


2. Phytosterols ean alter absorption of eertain molecules by 
the intestinal traet. Why would they be a benefieial dietary 
supplement for people with high LDL levels? 
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AOTIVITY 1 


Hematoerit Determination 



List the hematoerits for the healthy male (sample 1) and female (sample 2) living in Boston (at sea level) and indieate 
whether they are normal or whether they indieate anemia or polyeythemia. 



Deseribe the differenee between the hematoerits for the male and female living in Boston. Why does this differenee between 
the sexes exist? 



List the hematoerits for the healthy male and female living in Denver (approximately one mile above sea level) and indieate 
whether they are normal or whether they indieate anemia or polyeythemia. 



How did the hematoerit levels of the Denver residents differ from those of the Boston residents? Why? How well did the 
results eompare with your predietion? 



Deseribe how the kidneys respond to a ehronie deerease in oxygen and what effeet this has on hematoerit levels. 



List the hematoerit for the male with aplastie anemia (sample 5) and indieate whether it is normal or abnormal. Explain your 
response. 
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Review Sheet 11 



List the hematoerit for the female with iron-defieieney anemia (sample 6) and indieate whether it is normal or abnormal. 
Explain your response. 


AOTIVITY 2 


Erythroeyte Sedimentation Rate 



Deseribe the effeet that siekle eell anemia has on the sedimentation rate (sample 3). Why do you think that it has this effeet? 



How did the sedimentation rate for the menstmating female (sample 2) eompare with the sedimentation rate for the healthy 
individual (sample 1)? Why do you think this occurs? 



How did the sedimentation rate for the individual with angina peetoris (sample 6) eompare with the sedimentation rate for 
the healthy individual (sample 1)? Why? How well did the results eompare with your predietion? 



What effeet does iron-defieieney anemia (sample 4) have on the sedimentation rate? 



Compare the sedimentation rate for the individual suffering a myoeardial infaretion (sample 5) with the sedimentation rate 
for the individual with angina peetoris (sample 6). Explain how you might use this data to monitor heart eonditions. 


ACTIVITY 3 


Hemoglobin Determination 


1. Is the male with polyeythemia (sample 4) defieient in hemoglobin? Why? 


2. How did the hemoglobin levels for the female Olympie athlete (sample 5) eompare with the hemoglobin levels for the 
healthy female (sample 2)? Is either person defieient in hemoglobin? How well did the results eompare with your predietion? 
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List eonditions in which hemoglobin levels would be expected to deerease. Provide reasons for the ehange when possible. 



List eonditions in which hemoglobin levels would be expected to inerease. Provide reasons for the ehange when possible. 



Deseribe the ratio of hematoerit to hemoglobin for the healthy male (sample 1) and female (sample 2). (A normal ratio of 
hematoerit to grams of hemoglobin is approximately 3:1.) Discuss any differenees between the two individuals. 


6. Deseribe the ratio of hematoerit to hemoglobin for the female with iron-defieieney anemia (sample 3) and the female 
Olympie athlete (sample 5). (A normal ratio of hematoerit to grams of hemoglobin is approximately 3:1.) Discuss any 
differenees between the two individuals. 


AOTIVITY 4 


Blood Typing 



How did the appearanee of the A, B, and Rh samples for the patient with AB blood type eompare with your predietion? 


2. Which blood sample eontained the rarest blood type? 


3. Which blood sample eontained the universal donor? 


4. Which blood sample eontained the universal reeipient? 


5. Which blood sample did not agglutinate with any of the antibodies tested? Why? 


6. What antibodies would be found in the plasma of blood sample 1? 
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Review Sheet 11 


7. When transfusing an individual with blood that is eompatible but not the same type, it is important to separate paeked eells 
from the plasma and administer only the paeked eells. Why do you think this is done? (Hint: Think about what is in plasma 
versus what is on RBCs.) 



List the blood samples in this aetivity that represent people who could donate blood to a person with type B + blood. 


ACTIVITY 5 


Blood Gholesterol 


1. Which patient(s) had desirable eholesterol level(s)? 


2. Which patient(s) had elevated eholesterol level(s)? 


3. Deseribe the risks for the patient(s) you identified in question 2. 



Was the eholesterol level for patient 4 low, desirable, or high? How well did the results eompare with your predietion? What 
adviee about diet and exercise would you give to this patient? Why? 


5. Deseribe some reasons why a patient might have abnormally low blood eholesterol. 
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Serologieal Testing 


PRE-LAB Q U I Z 

1. Circle True or False: Antibodies include proteins, polysaeeharides, and 
various small molecules that stimulate antigen production. 

2. You will use the_technique to deteet an infectious 

agent, Chlamydia traehomatis, by using labeled antibodies to deteet the 
presenee of the antigen. 

a. blotting technique e. fluorescent antibody technique 

b. Ouchterlony technique d. serology antigen technique 

3. Oirele True or False: In the life eyele of Ohlamydia traehomatis, the 
infectious eell type is the large, less-dense reticulate body. 

4. The_is designed to determine if antigens are identieal, 

related, or unrelated. 

a. Ouchterlony technique e. fluorescent antibody technique 

b. blotting technique d. serous antigen technique 

5. Oirele True or False: A typieal antigen will always have only one site 
that allows for binding of antibodies or epitope. 

6. _occurs when a patient goes from testing negative for 

a speeifie antibody to testing positive for the same antibody. 

a. Death e. Preeipitin 

b. Seroeonversion d. Bleeding 

7. Circle the eorreet underlined term: The ELISA assav / fluorescent 
antibodv technique is eonsidered enzyme linked because an enzyme is 
ehemieally linked to an antibody in this test. 

8. Circle the eorreet underlined term: Gel eleetrophoresis / A eonstant 
region is a technique that uses eleetrieal current to separate proteins 
based on their size and eharge. 

9. Circle True or False: In testing for HIV, the VVestern blotting technique 
is used as a eonfirmation of positive ELISA assay results because 
ELISA is prone to false positive results. 


Exercise Overview 

Immunology, the study of the immune system, focuses on ehemieal interaetions 
that are difficult to observe. A number of ehemieal techniques have been devel- 
oped to visually represent antibodies and antigens in the serum, the fluid portion of 
the blood with the elotting faetors removed. The study and use of these techniques 
is referred to as serology. These techniques are performed in vitro, outside of the 
body, and are primarily used as diagnostie tools to deteet disease. Other appliea- 
tions include pregnaney testing and dmg testing. These immunological techniques 
depend upon the prineiple that an antibody binds only to speeifie, eorrespond- 
ing antigens. The tests are relatively expensive to perform, so these aetivities will 
allow you to perform them without the sometimes eost-prohibitive supplies. 

Antigens and Antibodies 

The word antigen is derived from two words: anti body and g^erator. Antigens 
do not produce antibodies, but early seientists noted that when antigens were 
present, antibodies appeared. Plasma eells actually produce antibodies. 

Antigens include proteins, polysaeeharides, and various small molecules that 
stimulate antibody production. Antigens are often molecules that are deseribed 
as nonself, or foreign to the body. There are also self-antigens that aet as identi- 
fier tags, such as the proteins found on the surface of red blood eells. Most often, 
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Exercise 12 


Antibody A 



Antibody C 


Antigenie determinants 





FIGLIRE 12.1 Antigen-antibody interaetion with 
antigenie determinants. 

antigens are a portion of an infectious agent, such as a baete- 
rium or a virns, and the body produces antibodies in response 
to the presenee of the infectious agent. 

Antigens are often large and have multiple antigenie 
sites—loeations that ean bind to antibodies. We refer to these 
sites as antigenie determinants, or epitopes. The antibody 
has a eorresponding antigen-binding site that has a “loek- 
and-key” reeognition for the antigenie determinant on the 
antigen (view Figure 12.1). All of the simulated tests pre- 
sented in this exercise take advantage of antigen-antibody 
speeifieity. These tests include direet fluorescent antibody 
technique, Ouchterlony technique, ELISA (enzyme-linked 
immunosorbent assay), and Western blotting technique. 

Nonspeeifie Binding 

The loek-and-key reeognition that antigen and antibody have 
for eaeh other is much like the speeifieity that an enzyme and 
its substrate have for one another. However, with antigen and 
antibody, nonspeeifie binding sometimes occurs. For this 
reason you will perform a number of washing steps in this 
exercise to remove any nonspeeifie binding. 

Positive and Negative Controls 

You will also use positive and negative eontrols to ensure 
that the test is working accurately. Positive eontrols include 
a substance that is known to reaet positively, thus giving 
you a standard against which to base your results. Negative 
eontrols include substances that should not reaet. A positive 
result with a negative eontrol is a “false positive,” which 
would invalidate all other results. Likewise, a negative result 
with a positive eontrol is a “false negative,” which would 
also invalidate your results. 


A C T I V I T Y 1 


Llsing Direet Fluorescent Antibody 
Technique to Test for Chlamydia 

OBJECTIVES 

1. To understand how fluorescent antibodies ean be used 
diagnostieally to deteet the presenee of a speeifie 
antigen. 

2. To observe how to test for the sexually transmitted 
disease ehlamydia. 

3. To distinguish between antigens and antibodies. 


4. To understand the terms epitope and antigenie determinant. 

5. To observe nonspeeifie binding that ean result between 
antigen and antibody. 


lntroduction 

The direet fluorescent antibody technique uses antibodies 
to direetly deteet the presenee of antigen. A fluorescent dye 
molecule attaehed to these antibodies aets as a visual signal 
for a positive result. This technique is typieally used to test for 
antigens from infectious agents, such as baeteria or vimses. 
In this aetivity you will test for the presenee of Chlamydia 
traehomatis (a bacterium that invades the eells of its host) 
using fluorescently labeled antibodies to deteet the presenee 
of the antigen and, therefore, the bacterium. Chlamydia tra- 
ehomatis is an important infectious agent because it causes 
the sexually transmitted disease ehlamydia. Left untreated, 
ehlamydia ean lead to sterility in men and women. 

Chlamydia traehomatis is an obligate, intracellular baete- 
rium, which means that it ean only survive inside a host eell. 
The life eyele of the bacterium has two cellular types. The 
infectious eell type is the small, dense elementary body, which 
is eapable of attaehing to the host eell. The reticulate body is 
a larger, less-dense eell, which divides aetively onee inside the 
host eell. The reticulate body is also referred to as the vegetative 
form. The life eyele of Chlamydia begins when the elementary 
body enters the host eell and continues as the elementary body 
ehanges inside the host eell into a reticulate body. The reticulate 
body divides into more reticulate bodies and eonverts baek to 
the elementary body form for release to infeet other eells. 

In this aetivity you will test three patient samples and two 
eontrol samples for the Chlamydia infeetion. An epithelial 
seraping from the male urethra or from the cervix of the uterus 
is performed to eolleet squamous eells from the surface. The 
elementary bodies are measured by reaeting antigen-speeifie 
antibodies to infeeted eells. The fluorescent dye attaehed to 
the antigen-speeifie antibodies makes the complex deteetable. 
The sample is viewed with a fluorescent mieroseope. The pres- 
enee of ten or more elementary bodies in a field of view with 
a diameter of 5 millimeters is eonsidered a positive result. The 
elementary bodies will be stained green inside red host eells. 


f \ 

EQUIPMENT USED The following equipment will 

be depieted on-sereen: five samples: patient A, patient B, 

patient C, a positive eontrol, and a negative eontrol; incu- 

bator; fluorescent mieroseope; 95% ethyl aleohol—used 

for frnng the sample to the mieroseope slide; ehlamydia 

fluorescent antibody (Chlamydia FA)—antibodies speeifie 

for the Chlamydia antigen with a fluorescent dye attaehed; 

fluorescent antibody mounting media (FA mounting)—used 

to mount the prepared sample to the slide when ready for 

viewing under the mieroseope; phosphate buffered saline 

(PBS)—used to wash off excess antibodies and prevent 

nonspeeifie binding of the antigen and antibody; fluorescent 

antibody buffer (FA buffer)—used to remove excess ethyl 

aleohol; petri dishes—used for incubation of the slides to 

keep them moist; mieroseope slides—an incubation ves- 

sel where the antigen and antibody reaet; eotton-tipped 

applieators—used for applieation and mixing of the anti- 

bodies with the samples; filter paper—used to keep the sam- 

ples moist in the petri dishes; biohazardous waste disposal. 
v___ J 
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Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 12: Serologieal Testing. Click Aetivity 1: Using 
Direet Fluorescent Antibody Technique to Test for Chla- 
mydia, and take the online Pre-lab Quiz for Aetivity 1. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



1. Drag a slide to the workbench at the bottom of the 
sereen. Four more slides will automatically be plaeed on the 
workbench. 

2. The patient samples have been suspended in a small 
amount of buffer and plaeed in dropper bottles for ease of 
dispensing. Drag the dropper eap of the patient A sample 
bottle to the first slide on the workbench to dispense a drop 
of the sample onto the slide. A drop from eaeh sample will be 
plaeed on a separate slide. 

3. Drag the dropper eap of the 95% ethyl aleohol bottle to 
the first slide on the workbench to dispense three drops of 
ethyl aleohol onto eaeh slide. 

4. Set the timer to 5 minutes by elieking the + button beside 
the timer display. Click Start to start the timer and allow the 
ethyl aleohol to fix the sample to the slide and prevent 
the sample from being washed off in the subsequent washing 
steps. The simulation eompresses the 5-minute time period 
into 5 seeonds of real time. 

5. Drag the fluorescent antibody (FA) buffer squirt bottle to 
the first slide to rinse all five slides and remove excess ethyl 
aleohol. 

6. Drag an applieator stiek to the ehlamydia fluorescent 
antibody (FA) bottle to soak its eotton tip with antibodies that 
are speeifie for Chlamydia and labeled with a fhioreseent tag. 

7. Drag the applieator stiek to the first slide to apply the 
ehlamydia fluorescent antibody. Separate applieator stieks 
will automatically be soaked in ehlamydia fluorescent anti- 
body and applied to eaeh slide. Eaeh applieator will auto- 
matieally be plaeed in the biohazardous waste disposal. 

8. Drag a petri dish to the workbench. A pieee of filter 
paper will be plaeed into the petri dish. The filter paper has 


been moistened with fluorescent antibody buffer to keep the 
samples from drying out during incubation. Four more petri 
dishes (and filter paper moistened with fluorescent antibody 
buffer) will automatically be plaeed on the workbench. 

9. Drag the first slide into the first petri dish. The remaining 
four slides will automatically be plaeed into the remaining 
petri dishes and all five petri dishes will be loaded into the 
incubator. 

10. Set the timer to 20 minutes by elieking the + button next 
to the timer display. Click Start to incubate the samples at 
25°C. During incubation the antibodies will reaet with the 
eorresponding antigens if they are present in the sample. The 
petri dishes will automatically be removed from the incuba- 
tor when the time is eomplete. The simulation eompresses 
the 20-minute incubation time period into 10 seeonds of real 
time. 

11. Drag the phosphate buffered saline (PBS) squirt bottle to 
the first petri dish to wash off excess antibodies and prevent 
nonspeeifie binding of the antigen and antibody. The timer 
will count down 10 minutes for a thorough washing. 

12. Click the first petri dish to open the dish and remove 
the slide. The slides will automatically be removed from the 
remaining petri dishes. 

13. Drag the first petri dish to the biohazardous waste dis- 
posal. The remaining petri dishes will automatically be 
plaeed in the biohazardous waste disposal. 

14. Drag the dropper eap of the fluorescent antibody (FA) 
mounting media to the first slide to dispense a drop of 
mounting media onto eaeh slide to mount the sample to the 
slide. 

15. Drag the first slide (patient A) to the fluorescent miero- 
seope. Count the number of elementary bodies you see 
through the mieroseope (reeall that elementary bodies stain 
green). Click Submit to display your results in the grid (and 
reeord your results in Chart 1). After you eliek Submit, the 
slide will automatically be plaeed in the biohazardous waste 
disposal. 


C H ART 1 


Direet Fluorescent Antibody 
Technique Results 


Sample 

Number of 

elementary 

bodies 

ehlamydia 

result 

Patient A 



Patient B 



Patient C 



Positive eontrol 



Negative eontrol 




16. Repeat step 15 for Patient B. 

17. Repeat step 15 for Patient C. 

18. Repeat step 15 for the Positive Control. 
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19. Repeat step 15 for the Negative Control. 

20. You will now indieate whether eaeh sample is negative 
or positive for Chlamydia. Click the row for the sample in 
the grid and then eliek the — button or the + button above 
the Chlamydia result column to indieate whether the sample 
is negative or positive for Chlamydia. Repeat this step for all 
five samples. Reeord your results in Chart 1. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 1. 

Aetivity Questions 

1. With this technique, is the antigen or antibody found on 
the patient sample? Explain how you know this. 


2. Explain the differenee between an antigen and an epitope 
(antigenie determinant). 


3. When a sample has a small number of elementary bodies 
but not enough to be a positive result, there appears to have 
been some nonspeeifie binding that was not removed by the 
washing steps. Which sample displayed this property? 


A C T I V I T Y 2 


Comparing Samples with 
Ouchterlony Double Diffusion 

OBJECTIVES 

1. To observe the preeipitation reaetion between antigen 
and antibody. 

2. To distingiiish between epitope and antigen. 

3. To understand the speeifieity that antibodies have for 
their epitopes. 

4. To observe how related proteins might share epitopes in 
eommon. 


lntroduction 

The Ouchterlony technique is also known as double diffu- 
sion. In this technique antigen and antibody diffuse toward 
eaeh other in a semisolid medium made up of elear, elari- 
fied agar. When the antigen and antibody are in optimal pro- 
portions, eross-linking of the antigen and antibody occurs, 
forming an insoluble preeipitate, ealled a preeipitin line. 
These lines ean then be used to visually identify similarities 


between antigens. If optimum proportions have not been 
met—for example, if there is excess antigen or excess anti- 
body—then no visible preeipitate will form. This technique 
provides easily visible evidenee of the binding between anti- 
gen and antibody, and sophistieated equipment is not needed 
to observe the antigen-antibody reaetion. 

The Ouchterlony technique is designed to determine 
whether antigens are identieal, related, or unrelated. Antigens 
have identity if they are identieal. identieal antigens have 
all their antigenie determinants, or epitopes, in eommon. In 
the ease of identity, preeipitin lines diffuse into eaeh other 
to eompletely fuse and form an are. Antigens have partial 
identity if they are similar or related. Related antigens have 
some, but not all, antigenie determinants in eommon. In the 
ease of partial identity, a spur pointing toward the more simi- 
lar antigen well forms in addition to the are. Antigens have 
non-identity if they are unrelated. Unrelated antigens do not 
have any antigenie determinants in eommon. In the ease of 
non-identity, the lines interseet to form two spurs that resem- 
ble an X. 

In the Ouchterlony technique, holes are punched into the 
agar to form wells. The wells are then loaded with either 
antigen or antibody, which are allowed to diffuse toward 
eaeh other. Often, the same antigen is plaeed in adjaeent 
wells to assess the purity of an antigen preparation. In this 
ease a smooth are with no spurs should be seen, as the anti- 
gens are identieal. Multiple antibodies ean also be plaeed in 
a eenter well. The antibodies will diffuse out in all direetions 
and reaet with the antigens that are plaeed in the surrounding 
wells. 

In this aetivity you will use human and bovine (from 
cows) albumin as the antigens, and the antibodies will be 
made in goats against albumin from either humans or cows. 
The goals are to identify an unknown antigen and to observe 
the patterns produced by the various relationships: identity, 
partial identity, and non-identity. 

í 'N 

EQUIPMENT USED The following equipment 
will be depieted on-sereen: goat anti-human albumin 
(Goat A-H)—an antisemm eontaining antibodies pro- 
duced by goats against human albumin; goat anti-bovine 
albumin (Goat A-B)—an antisemm eontaining antibodies 
produced by goats against bovine (cow) albumin; bovine 
semm albumin (BSA); human semm albumin (HSA); 
unknown antigen; petri dishes filled with elear agar; well 
cutter. 

v_ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 12: Serologieal Testing. Click Aetivity 2: Com- 
paring Samples with Ouchterlony Double Diffusion: and 

take the online Pre-lab Quiz for Aetivity 2. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown on the following page. 
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1. Drag a petri dish to the workbench. The lid will open to 
reveal an enlarged view of the inside of the petri dish. 

2. Drag the well cutter to the middle of the enlarged view of 
the petri dish to punch a hole in the agar in the middle of the 
petri dish. Drag the well cutter to the upper left, upper right, 
lower left, and lower right of the petri dish to punch four 
more holes in the agar. After you punch all five wells into the 
agar, the wells will be labeled 1-5. 

3. Drag the dropper eap of the goat anti-human albumin 
(Goat A-H) bottle to well 1 to fill it with a sample. 

4. Drag the dropper eap of the goat anti-bovine albumin 
(Goat A-B) bottle to well 1 to fill it with a sample. 

5. Drag the dropper eap of the bovine semrn albumin 
(BSA) bottle to well 2 to fill it with a sample. 

6. Drag the dropper eap of the bovine semrn albumin 
(BSA) bottle to well 3 to fill it with a sample. 

7. Drag the dropper eap of the human semm albumin 
(HSA) bottle to well 4 to fill it with a sample. 

8. Drag the dropper eap of the unknown antigen bottle to 
well 5 to fill it with a sample. 


PREDICT Question 1 

How do you think human serum albumin and 
bovine serum albumin will eompare? 


9. Note that the timer is set to 16 hours. Click Start to start 
the timer. The antigen and antibodies will diffuse toward 
eaeh other and form a preeipitate, deteeted as a preeipitin 
line. The simulation eompresses the 16-hour time period into 
10 seeonds of real time. 

10. You will now examine the preeipitin lines that formed 
and indieate the relationship between eaeh pair of antigens. 
Click the row for the wells eontaining the antigens in the grid 
and then eliek Identity, Partial, or Non-Identity above the 
identity column to indieate whether the antigens have iden- 
tity, partial identity, or non-identity. Repeat this step for the 
four pairs of antigens. Reeord your results in Chart 2. 


CHART 2 

Ouchterlony Double 

Diffusion Results 

Wells 

Identity 

2 and 5 


2 and 3 


3 and 4 


4 and 5 



After you eomplete the Experiment, take the online Post- 
lab Quiz for Aetivity 2. 

Aetivity Questions 

1. Which type of identity was present between the samples 
in this aetivity? Deseribe this type of identity. 


2. Deseribe the importanee of what you plaee in the eenter 
well. 


3. Why do you think it is important for the agar to be elear 
and elarified? 


4. Deseribe the role that albumin plays in the blood. 



A C T I V I T Y 3 


indireet Enzyme-Linked 
lmmunosorbent Assay (ELISA) 

OBJECTIVES 

1. To understand how the enzyme-linked immunosorbent 
assay (ELISA) is used as a diagnostie test. 

2. To distinguish between the direet and the indireet 
ELISA. 

3. To deseribe the basie structure of antibodies. 

4. To define seroeonversion. 

5. To understand how the indireet ELISA is used to deteet 
antibodies against HIV. 
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lntroduction 

The enzyme-linked immunosorbent assay (ELISA) is used 
to test for the presenee of an antigen or antibody. The assay 
is eonsidered enzyme linked because an enzyme is ehemi- 
eally linked to an antibody in both the direet and indireet ver- 
sions of the test. Immunosorbent refers to the faet that either 
antigens or antibodies are being adsorbed (stuck) to plastie. 
If the test is designed to deteet an antigen or antigens, it is a 
direet ELISA because it is direetly looking for the foreign 
substance. An indireet ELISA is designed to deteet antibod- 
ies that the patient has made against the antigen. A positive 
result with the indireet ELISA requires seroeonversion. 
Seroeonversion occurs when a patient goes from testing neg- 
ative for a speeifie antibody to testing positive for the same 
antibody. 

In the direet ELISA, a 96-well mierotiter plate is eoated 
with homologous antibodies made against the antigen of 
interest. The number of wells makes it easy to test many 
samples at the same time. The patient semrn sample is added 
to the plate to test for the presenee of the antigen that binds 
to the antibody eoating on the plate. ELISA takes advantage 
of the faet that protein stieks well to plastie. A seeondary 
antibody is added to the plate after the patient semrn sample 
is added. If the antigen is present, a u sandwich” of antibody, 
antigen, and seeondary antibody will form. The seeond- 
ary antibody is ehemieally linked to an enzyme. When the 
substrate is added, the enzyme eonverts the substrate from 
a eolorless compound to a eolored compound. The amount 
of eolor produced will be proportional to the amount of anti- 
gen binding to the antibodies and thus indieates whether 
the patient is positive for the antigen. If the antigen is not 
present, the seeondary (enzyme-linked) antibodies will be 
rinsed away with the washing steps and the substrate will 
not be eonverted and will remain eolorless. A eommon use 
of the direet ELISA is a home pregnaney test, which deteets 
human ehorionie gonadotropin (hCG), a hormone present in 
the urine of pregnant women. 

In the indireet ELIS A, a 96-well mierotiter plate is eoated 
with antigens. The patient semm sample is added to test for 
the presenee of antibodies that bind to the antigens on the 
plate. The seeondary antibody that is added has an enzyme 
linked to it that binds to the eonstant region of the primary 
antibody if it is present in the patient sample. The eonstant 
region of an antibody has the same sequence of amino aeids 
within a elass of antibodies (for example, all IgG antibodies 
have the same eonstant region). The variable region of an 
antibody provides the diversity of antibodies and is the site to 
which the antigen binds. The configuration that forms in the 
indireet ELISA is antigen, primary antibody, and seeondary 
antibody. Just as in the direet ELISA, the addition of sub- 
strate is used to determine whether the sample is positive for 
the presenee of antibody. 

In this aetivity you will use the indireet ELISA to test for 
the presenee of antibodies made against human immunodefi- 
eieney vims (HIV). You will use positive and negative eon- 
trols to verify the results. You will note that an indeterminate 
result ean be obtained if there is not enough eolor produced to 
warrant a positive result. The cause of an indeterminate result 
could be either nonspeeifie binding or that the individual 
has been reeently infeeted and has not yet produced enough 
antibodies for a positive result. In either ease, the individual 
would be retested. 


r -\ 

EQUIPMENT USED The following equipment 
will be depieted on-sereen: five samples in the samples 
eabinet: patient A, patient B, patient C, a positive eontrol, 
and a negative eontrol; 96-well mierotiter plate; multi- 
ehannel pipettor; 100-pl pipettor; mierotiter plate reader; 
pipettor tip dispenser; washing buffer; HIV antigen solu- 
tion; developing buffer—seeondary antibody conjugated 
with an enzyme; substrate solution; paper towels—used 
for blotting; biohazardous waste disposal. 


Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 
Exercise 12: Serologieal Testing. Click Aetivity 3: Indi- 
reet Enzyme-Linked Immunosorbent Assay (ELISA), and 

take the online Pre-lab Quiz for Aetivity 3. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



1. Drag the 96-well mierotiter plate to the workbench. 

2. Drag the multichannel pipettor to the pipette tip dis- 
penser to insert the tips. 

3. Drag the multichannel pipettor to the HIV antigens bot- 
tle to draw the antigen solution into the tips. 

4. Drag the multichannel pipettor direetly over the mieroti- 
ter plate to dispense the liquid into the wells in one row of the 
plate. 

5. Drag the multichannel pipettor to the biohazardous waste 
disposal for removal and disposal of the tips. 

6. Set the timer to 14 hours by elieking the + button beside 
the timer display. This incubation time allows the antigens to 
stiek to the plastie wells of the mierotiter plate. Click Start to 
start the timer. The simulation eompresses the 14-hour time 
period into 10 seeonds of real time. 

7. Drag the washing buffer squeeze bottle to the mierotiter 
plate to remove excess antigens that are not adsorbed (stuck) 
to the plate. 

8. Drag the mierotiter plate to the sink to dump the eontents 
of the tray into the sink to remove the washing buffer and 
excess antigens that are not stuck to the plastie. 
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9. Drag the mierotiter plate to the paper towels. The plate 
will be pressed to the surface of the paper towels to remove 
the remaining liquid from the wells. In a typieal ELISA, you 
would perform multiple washing steps to reduce any nonspe- 
eifie binding. The number of washing steps in this simulation 
has been reduced for simplieity. 

10. Drag the 100-pl pipettor to the tip dispenser to plaee a tip 
onto the pipettor. 

11. Drag the 100-pl pipettor to the test tube eontaining the 
positive eontrol sample (+) to draw the sample into the tip. 

12. Drag the 100-pl pipettor to the mierotiter plate to dis- 
pense the sample into the wells of the plate. The tip will auto- 
matieally be removed and disposed of in the biohazardous 
waste disposal. Eaeh of the remaining samples will automati- 
eally be dispensed into plate. 

13. Set the timer to 1 hour by elieking the + button beside the 
timer display. This incubation time allows the antigens stuck 
to the plastie to bind to the antibodies present in the sample. 
Click Start to start the timer. The simulation eompresses the 
l-hour time period into 10 seeonds of real time. 

14. Drag the washing buffer squeeze bottle to the mierotiter 
plate to wash off excess antibodies and prevent nonspeeifie 
binding of the antigen and antibody. 

15. Drag the mierotiter plate to the sink to dump washing 
buffer and unbound antibodies into the sink. 

16. Drag the mierotiter plate to the paper towels. The plate 
will be pressed to the surface of the paper towels to remove 
the remaining liquid from the wells. 

17. Drag the multichannel pipettor to the pipette tip dis- 
penser to insert the tips. 

18. Drag the multichannel pipettor to the developing buffer 
bottle to draw the developing buffer into the tips. The devel- 
oping buffer eontains the conjugated seeondary antibody. 

19. Drag the multichannel pipettor to the mierotiter plate to 
dispense the solution into the wells. The tips will automati- 
eally be removed and disposed of in the biohazardous waste 
disposal. 

20. Set the timer to 1 hour and then eliek Start to start the 
timer and allow the conjugated seeondary antibody to bind to 
the primary antibody if it is present in the sample. 

21. Drag the washing buffer squeeze bottle to the mierotiter 
plate to remove any nonspeeifie binding that occurred. 

22. Drag the mierotiter plate to the sink to dump the eontents 
of the tray into the sink. 

23. Drag the mierotiter plate to the paper towels. The plate 
will be pressed to the surface of the paper towels to remove 
the remaining liquid from the wells. 

24. Drag the multichannel pipettor to the pipette tip dis- 
penser to insert the tips. 

25. Drag the multichannel pipettor to the substrate bottle to 
draw the substrate into the tips. 


26. Drag the multichannel pipettor to the mierotiter 
plate to dispense the solution into the wells. The tips will 
automatically be removed and disposed of in the biohazard- 
ous waste disposal. 

27. An enlargement of the wells will appear. The develop- 
ment will progress over time. To determine the optieal den- 
sity for eaeh sample (the samples are in the first row, from 
top to bottom, of the mierotiter plate): 

• Click the well and the optieal density will appear in the 
window of the mierotiter plate reader. 

• Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 3). 


GHART 3 

indireet ELISA Results 

Sample 

Optieal 

density 

HIV test result 

Patient A 



Patient B 



Patient C 



Positive eontrol 



Negative eontrol 




28. You will now indieate whether the result for eaeh sample 
is negative, indeterminate, or positive for HIV. 

• A result of <0.300 is read as negative for HIV-1. 

• A result of 0.300-0.499 is read as indeterminate (need 
to retest). 

• A result of >0.500 is read as positive for HIV-1. 

Click the row for the sample in the grid and then eliek the 
- button, IND, or the + button above the HIV test result 
column to indieate whether the result for the sample is posi- 
tive, indeterminate, or negative for HIV. Repeat this step for 
all five samples. Reeord your results in Chart 3. 

After you eomplete the Experiment, take the online Post- 
lab Quiz for Aetivity 3. 

Aetivity Questions 

1. Deseribe how you ean tell that this test is the indireet 
ELISA rather than the direet ELISA. 


2. Deseribe what the seeondary antibody binds to in this 
aetivity and why. 
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Exercise 12 


3. Define seroeonversion. How ean you tell that a sample 
has seroeonverted? 



A C T I V I T Y 4 


VVestern Blotting Technique 

OBJECTIVES 

1. To eompare the VVestern blotting technique to the ELISA. 

2. To observe the use of the VVestern blotting technique to 
test for HIV. 

3. To distinguish between antigens and antibodies. 


lntroduction 

Southern blotting was developed by Ed Southern in 1975 to 
identify DNA. A variation of this technique, developed to 
identify RNA, was named Northern blotting, thus continu- 
ing the direetional theme. Western blotting, another variation 
that identifies proteins, is named by the same eonvention. 

Western blotting uses an eleetrieal current to separate 
proteins on the basis of their size and eharge. This technique 
uses gel eleetrophoresis to separate the proteins in a gel 
matrix. Because the resulting gel is fragile and would be dif- 
ficult to use in further tests, the proteins are then transferred 
to a nitrocellulose membrane. The original Western blotting 
technique used blotting (diffusion) to transfer the proteins, 
but eleetrieity is also used now for the transfer of the proteins 
to nitrocellulose strips. These strips are eommereially avail- 
able, eliminating the need for the eleetrophoresis and transfer 
equipment. In this aetivity you will begin the procedure after 
the HIV (human immunodeficiency virus) antigens have 
already been transferred to nitrocellulose and cut into strips. 

Westem blotting is also known as immimoblotting 
because the proteins that are transferred, or blotted, onto the 
membrane are later treated with antibodies—the same pro- 
cedure used in the indireet enzyme-linked immunosorb- 
ent assay (ELISA). The ELISA is eonsidered enzyme linked 
because an enzyme is ehemieally linked to an antibody in both 
the direet and indireet versions of the test. Immunosorbent refers 
to the faet that either antigens or antibodies are being adsorbed 
(stuck) to plastie. If the test is designed to deteet an antigen or 
antigens, it is a direet ELISA because it is direetly looking for 
the foreign substance. An indireet ELISA is designed to deteet 
antibodies that the patient has made against the antigen. 

Similar to the seeondary antibodies used in the indireet 
ELISA technique, the seeondary antibodies in the Western 
blot have an enzyme attaehed to them, allowing for the use of 
eolor to deteet a particular protein. The seeondary antibody 
binds to the eonstant region of the primary antibody found 
in the patient’s sample. The main differenee between these 
techniques is that the ELISA technique uses a well that eor- 
responds to a mixture of antigens, and the Western blot has a 
diserete protein band that represents the speeifie antigen that 
the antibody is reeognizing. Like HIV, Lyme disease ean also 
be deteeted with the Western blot technique. 

The initial test for HIV is the ELISA, which is less expen- 
sive and easier to perform than the Westem blot. The Western 


blot is used as a eonfirmatory test after a positive ELIS A because 
the ELISA is prone to false-positive results. The bands from a 
positive Westem blot are from antibodies binding to speeifie 
proteins and glyeoproteins from the human immunodeficiency 
vims. A positive result from the Western blot is determined by 
the presenee of particular protein bands (view Table 12.1). 

r v 

EQUIPMENT USED The following equipment 

will be depieted on-sereen: washing buffer; developing 

buffer—seeondary antibody conjugated with an enzyme; 

substrate sohition; five samples in the samples eabinet: 

patient A, patient B, patient C, positive eontrol, and nega- 

tive eontrol; roeking apparatus; nitrocellulose strips; 

troughs; tray; biohazardous waste disposal. 
v___ J 

Experiment instmetions 

Go to the home page in the PhysioEx software and eliek 

Exercise 12: Serologieal Testing. Click Aetivity 4: Western 
Blotting Technique, and take the online Pre-lab Quiz for 

Aetivity 4. 

After you take the online Pre-lab Quiz, eliek the 
Experiment tab and begin the experiment. The experiment 
instmetions are reprinted here for your referenee. The open- 
ing sereen for the experiment is shown below. 



1. Drag a trough to the tray on the workbench. Lour more 
troughs will automatically be plaeed on the tray. 

2. Click the staek of nitrocellulose strips to plaee a nitroeel- 
lulose strip in eaeh trough. 

3. Drag the dropper eap of the patient A sample bottle to 
the first trough to dispense the antisemm from patient A to 
the nitrocellulose strip. A drop of antisemm for eaeh patient 
will be dispensed into a separate trough. 

4. Drag the tray holding the five troughs to the roeking 
apparatus. 

5. Set the timer to 60 minutes by elieking the + button 
beside the timer display. Click Start to gently roek the sam- 
ples and allow the antibodies to reaet with the antigens bound 
to the nitrocellulose. The tray will automatically be returned 
to the workbench and eaeh trough will be drained into the 
biohazardous waste disposal when the time is eomplete. The 
simulation eompresses the 60-minute time period into 10 see- 
onds of real time. 




























































Serologieal Testing 


PEx-185 


6. Drag the washing buffer squirt bottle to the first trough 
to dispense washing buffer in eaeh trough. Eaeh trough will 
be automatically drained into the biohazardous waste eon- 
tainer. The washing step removes any nonspeeifie binding of 
antibodies that occurred. 

7. Drag the dropper eap of the developing buffer bottle to 
the first trough to dispense developing buffer to eaeh trough. 

8. Drag the tray holding the five troughs to the roeking 
apparatus. 

9. Set the timer to 60 minutes by elieking the + button 
beside the timer display. Click Start to gently roek the sam- 
ples and allow the antibodies to reaet with the antibodies 
bound to the nitrocellulose. The tray will automatically be 
returned to the workbench and eaeh trough will be drained 
into the biohazardous waste disposal when the time is 
eomplete. 

10. Drag the washing buffer squirt bottle to the first trough 
to add washing buffer to eaeh trough. Eaeh trough will be 
automatically drained into the biohazardous waste eontainer. 
The washing step removes any nonspeeifie binding of see- 
ondary conjugated antibodies. Excess seeondary conjugated 
antibodies could reaet erroneously with the substrate and 
give a false-positive result. 

11. Drag the dropper eap of the substrates bottle to the first 
trough to dispense the substrates (tetramethyl benzidine and 
hydrogen peroxide) into eaeh trough. The substrates are the 
ehemieals that are being ehanged by the enzyme that is linked 
to the antibody. 

12. Drag the tray holding the five troughs to the roeking 
apparatus. 

13. Set the timer to 10 minutes by elieking the + button beside 
the timer display. Click Start to gently roek the samples and 
allow the enzyme to reaet with the substrates. The tray will 
automatically be returned to the workbench when the time 
is eomplete. The simulation eompresses the 10-minute time 
period into 10 seeonds of real time. 

14. To determine the antigens present for eaeh sample: 

• Click the nitrocellulose strip inside the trough to visual- 
ize the results. 

• Click Reeord Data to display your results in the grid 
(and reeord your results in Chart 4). The bands present 


on the nitrocellulose strip represent the antibodies 
present in the sample that have reaeted with the anti- 
gens (bands) on the strip (view Table 12.1). 

Repeat this step for all five samples. 


TABLE 12.1 

HIV Antigens 

Abbreviation 

Deseription 

gpl60 

Glyeoprotein 160, a viral envelope 
precursor 

gpl20 

Glyeoprotein 120, a viral envelope pro- 
tein that binds to CD4 

p55 

A precursor to the viral eore protein p24 

gp41 

A final envelope glyeoprotein 

p31 

Reverse transeriptase 

p24 

A viral eore protein 


15. You will now indieate whether the result for eaeh sample 
is negative, indeterminate, or positive for HIV. The eriteria 
for reporting a positive result varies slightly from ageney to 
ageney. The Centers for Disease Control and Prevention ree- 
ommend the following eriteria: 

• If no bands are present, the result is negative. 

• If bands are present but they do not mateh the eriteria 
for a positive result, the result is indeterminate. Patients 
whose results are deemed indeterminate after mul- 
tiple tests should be monitored and tested again at a 
later date. 

• If either p31 or p24 is present and gpl60 or gpl20 is 
present, the result is positive. Click the row for the sam- 
ple in the grid and then eliek the - button, IND, or the 
+ button above the HIV test result column to indieate 
whether the result for the sample is positive, indetermi- 
nate, or negative for HIV. 

Repeat this step for all five samples. Reeord your results 
in Chart 4. 

After you eomplete the experiment, take the online Post-lab 
Quiz for Aetivity 4. 


CHART 4 


VVestern Blot Results 


Sample 

gpi60 

gpi20 

p55 

p31 

p24 

HIV test result 

Patient A 







Patient B 







Patient C 







Positive eontrol 







Negative eontrol 
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Aetivity Questions 

1. Deseribe how gel eleetrophoresis 
proteins. 


is used to separate 


2. In a patient sample that is positive for HIV, would anti- 
bodies or antigens be present when using the Western blot 
technique? How do you know? 
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NAME _ 

LAB TIME/DATE 



AOTIVITY 1 


llsing Direet Fluorescent Antibody Technique to Test for Ghlamydía 


1. Deseribe the importanee of the washing steps in the direet antibody fluorescence test. 


2. Explain where the epitope (antigenie determinant) is loeated. 



Deseribe how a positive result is deteeted in this serologieal test. 



How would the results be affeeted if a negative eontrol gave a positive result? 


A C T I V I T Y 2 


Gomparing Samples with Ouchterlony Double Diffusion 


1. Deseribe how you were able to determine what antigen is in the unknown well. 


2. Why does the preeipitin line form? 
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Review Sheet 12 



Did you think human semrn albumin and bovine semrn albumin would have epitopes in eommon? How well did the results 


eompare with your predietion? 


AOTIVITY 3 


indireet Enzyme-Linked lmmunosorbent Assay (ELISA) 


1. Deseribe how the direet and indireet ELISA are different. 


2. Discuss why a patient might test indeterminate. 



How would your results have been affeeted if your negative eontrol had given an indeterminate result? 


4. Briefly deseribe the basie structure of antibodies. 


AOTIVITY 4 


Western Blotting Technique 



Deseribe why the HIV Western blot is a more speeifie test than the indireet ELISA for HIV. 



Explain the procedure for a patient with an indeterminate HIV Western blot result. 



Briefly deseribe how the nitrocellulose strips were prepared before the patient samples were added to them. 


4. Deseribe the importanee of the washing steps in the procedure. 

































The Metrie System 





Metrie to English 

English to metrie 

Measurement 

Llnit and abbreviation 

Metrie equivalent 

eonversion faetor 

eonversion faetor 

Length 

1 kilometer (km) 

= 1000 (10 3 ) meters 

1 km = 0.62 mile 

1 mile = 1.61 km 


1 meter (m) 

= 100 (10 2 ) 

1 m = 1.09 yards 

1 yard = 0.914 m 



eentimeters 

1 m = 3.28 feet 

1 foot = 0.305 m 



= 1000 millimeters 

1 m = 39.37 inehes 



1 eentimeter (em) 

= 0.01 (10 2 ) meter 

1 em = 0.394 ineh 

1 foot = 30.5 em 

1 ineh = 2.54 em 


1 millimeter (mm) 

= 0.001 (10 -3 ) meter 

1 mm = 0.039 ineh 



1 mierometer (pm) 

= 0.000001 (10- 6 ) 




[formerly mieron (p)] 

meter 




1 nanometer (nm) 

= 0.000000001 (10- 9 ) 




[formerly millimieron 
(mn)] 

meter 




1 angstrom (A) 

= 0.0000000001 (10 10 ) 





meter 



Area 

1 square meter (m 2 ) 

= 10,000 square 

1 m 2 = 1.1960 square 

1 square yard = 



eentimeters 

yards 

0.8361 m 2 




1 m 2 = 10.764 square 

1 square foot = 




feet 

0.0929 m 2 


1 square eentimeter 

= 100 square 

1 em 2 = 0.155 square 

1 square ineh = 


(em 2 ) 

millimeters 

ineh 

6.4516 em 2 

Mass 

1 metrie ton (t) 

= 1000 kilograms 

1 t = 1.103 ton 

1 ton = 0.907 t 


1 kilogram (kg) 

= 1000 grams 

1 kg = 2.205 pounds 

1 pound = 0.4536 kg 


1 gram (g) 

= 1000 milligrams 

1 g = 0.0353 ounce 

1 g = 15.432 grains 

1 ounce = 28.35 g 


1 milligram (mg) 

= 0.001 gram 

1 mg = approx. 0.015 
grain 



1 mierogram (pg) 

= 0.000001 gram 



Volume 

1 cubic meter (m 3 ) 

= 1,000,000 cubic 

1 m 3 = 1.3080 cubic 

1 cubic yard = 

(solids) 


eentimeters 

yards 

0.7646 m 3 




1 m 3 = 35.315 cubic 

1 cubic foot = 




feet 

0.0283 m 3 


1 cubic eentimeter 

= 0.000001 cubic meter 

1 em 3 = 0.0610 cubic 

1 cubic ineh = 


(em 3 or ee) 

= 1 milliliter 

ineh 

16.387 em 3 


1 cubic millimeter (mm 3 ) 

= 0.000000001 cubic meter 



Vohirne 

1 kiloliter (kl or kL) 

= 1000 liters 

1 kL = 264.17 gallons 

1 gallon = 3.785 L 

(liquids 

1 liter (1 or L) 

= 1000 milliliters 

1 L = 0.264 gallons 

1 quart = 0.946 L 

and gases) 



1 L = 1.057 quarts 


1 milliliter (ml or mL) 

= 0.001 liter 

1 ml - 0.034 fluid 

1 quart = 946 ml 



= 1 cubic eentimeter 

ounce 

1 ml = approx. \ 

1 pint = 473 ml 

1 fluid ounce = 




teaspoon 

29.57 ml 




1 ml = approx. 15-16 

1 teaspoon = approx. 




drops (gtt.) 

5 ml 


1 mieroliter (ql or qL) 

= 0.000001 liter 



Time 

1 seeond (s or see) 

= A minute 

V_/ V/ 




1 milliseeond (ms or msee) 

= 0.001 seeond 



Temperature 

Degrees Celsius (°C) 


°F = | (°C) + 32 

°C = | (°F - 32) 
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13.4b, 13.5a, 13.9a, 13.1 lf: Karen 
Krabbenhoft, PAL 3.0, Pearson Education. 


13.8b: William Karkow, Pearson Education. 
13.13b: From A Stereoseopie Atlas of 
Human Anatomy by David L. Bassett, M.D. 

Exercise 15 

15.2b, 15.6b: William Karkow, Pearson 
Education. 15.3b: Don W. Fawcett/ 

Photo Researehers. 15.4: Erosehenko’s 
Interaetive Histology. 15.6a: Sereomi/Photo 
Researehers. 15.6c: NinaZanetti, Pearson 
Education. 15.8b: Vietor P. Erosehenko, 
Pearson Education. 

Exercise 17 

17.2c, 17.7c: From A Stereoseopie Atlas of 
Human Anatomy by David L. Bassett, M.D. 
17.3, 17.4a, 17.5b, 17.6a,b, 17.10: Karen 
Krabbenhoft, PAL 3.0, Pearson Education. 
17.11a,d: Sharon Cummings, Pearson 
Education. 17.12-17.14: Elena Dorfman, 
Pearson Education. 

Exercise 18 

18.la: Hank Morgan/Photo Researehers. 

Exercise 19 

19.1b-d: From A Stereoseopie Atlas of 
Human Anatomy by David L. Bassett, 

M.D. 19.4: Vietor P. Erosehenko, Pearson 
Education. 19.7b: Karen Krabbenhoft, PAL 
3.0, Pearson Education. 
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21.4-21.6: Riehard Tauber, Pearson 
Education. 

Exercise 22 

22. lb: Lynn McCutchen. 22.1c,d, 22.2b: 
Vietor P. Erosehenko, Pearson Education. 
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23.3b: From A Stereoseopie Atlas of 
Human Anatomy by David L. Bassett, M.D. 
23.4b: Lisa Lee, Pearson Education. 23.5a- 
e: Elena Dorfman, Pearson Education. 

23.6b: Stephen Speetor, Pearson Education. 
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24.6a,b: Riehard Tauber, Pearson 
Education. 24.7: Dr. Charles Klettke, 
Pearson Education. 
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25.4: Vietor P. Erosehenko, Pearson 
Education. 25.6a-c: Riehard Tauber, 
Pearson Education. 25.8:1. M. Hunter- 
Duvar, Department of Otolaryngology, The 
Hospital for Siek Children, Toronto. 

Exercise 26 

26.lb, 26.3: Vietor P. Erosehenko, Pearson 
Education. 26.2d: Steve Downing, PAL 3.0, 
Pearson Education. 

Exercise 27 

27.3a,f: William Karkow, Pearson 
Education. 27.3b,d: Vietor P. Erosehenko, 
Pearson Education. 27.3c: Lisa Lee, 


Pearson Education. 27.3e: Benjamin 
Widrevitz. 

Exercise 29 

29.3: William Karkow, Pearson Education. 
29.4a-e: Nina Zanetti, Pearson Education. 
29.6a-c, 29.7a-d: Elena Dorfman, Pearson 
Education. 29.8b: Meekes and Ottawa/ 
Photo Researehers. 29.9.1-4, 29.RS 1.1-4: 
Jaek Seanlan, Pearson Education. 

Exercise 30 

30.3b: From A Stereoseopie Atlas of 
Human Anatomy by David L. Bassett, M.D. 
30.3c: Lennart Nilsson/Scanpix Sweden 

AB. 30.3d: Karen Krabbenhoft, PAL 3.0, 
Pearson Education. 30.7, 30.RS3: William 
Karkow, Pearson Education. 30.8a,b, 30.9: 
Wally Cash, Pearson Education. 

Exercise 32 

32.la: Ed Resehke. 32.3c: From A 
Stereoseopie Atlas ofHuman Anatomy by 
David L. Bassett, M.D. 

Exercise 35 

35.2: Erie V. Grave/Photo Researehers. 
35.4b, 35.6: William Karkow, Pearson 
Education. 35.5c: Vietor P. Erosehenko, 
Pearson Education. 

Exercise 36 

36. la, 36.5b: From A Stereoseopie Atlas of 
HumanAnatomy by David L. Bassett, M.D. 
36.5a: Riehard Tauber, Pearson Education. 
36.6b: Vietor P. Erosehenko, Pearson 
Education. 36.7a: William Karkow, Pearson 
Education. 36.7b: Lisa Lee, Pearson 
Education. 

Exercise 37 

37.3, 37.4a,b: Elena Dorfman, Pearson 
Education. 

Exercise 38 

38.5b: Karen Krabbenhoft, PAL 3.0, 
Pearson Education. 38.6a, 38.9a: Nina 
Zanetti, Pearson Education. 38.6b, 38.13: 
Vietor P. Erosehenko, Pearson Education. 
38.6c: Roger C. Wagner. 38.7a,c, 38.14a,b, 
38.16b: From A Stereoseopie Atlas of 
Human Anatomy by David L. Bassett, 

M. D. 38.8d: LUMEN Histology, Loyola 
University Medieal Education Network. 
38.9b: Steve Downing, Pearson Education. 
38.9c: William Karkow, Pearson Education. 

Exercise 40 

40.lb: Riehard Tauber, Pearson Education. 
40.3a: Karen Krabbenhoft, Pearson 
Education. 40.6a,b, 40.7: Vietor P. 
Erosehenko, Pearson Education. 

Exercise 42 

42.2b, 42.9: Vietor P. Erosehenko, Pearson 
Education. 42.2c: From A Stereoseopie 
Atlas ofHuman Anatomy by David L. 
Bassett, M.D. 42.3: Harry H. Plymale. 


BM-4 Credits 


42.4: Roger C. Wagner. 42.5: Vietor R 
Erosehenko, Pearson Education. 42.8: 
Shutterstock.com. 
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43.2b: Pearson Education. 43.3, 43.5b: 
Steve Downing, Pearson Education. 
43.6a-c: Vietor P. Erosehenko, Pearson 
Education. 

Exercise 45 

45.1: CNRI/SPL/Photo Researehers. 

45.2.1: Shutterstock.com. 45.2.2: Photos. 
eom. 45.2.3-4: Ogust/Image Works. 45.2.5: 
Boisvieux/Explorer/Photo Researehers. 
45.2.6: Anthony Loveday, Pearson 
Education. 45.3: Carolina Biologieal 
Supply. 
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46.1a,b, 46.2, 46.3, 46.5, 46.7, 46.9-16, 
46.18a-d, 46.19: John Wilson White, 
Pearson Education. 
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7.3- 7.5b, 8.1b, 9.2b: Shawn Miller 
(disseetion) and Mark Nielsen 
(photography), Pearson Education. 2.1b, 
9.1b: Paul Waring, Pearson Education. 


2.2b, 8.2b: Elena Dorfman, Pearson 
Education. 3.3b,c: Yvonne Baptiste- 
Szymanski, Pearson Education. 7.2b: Elena 
Dorfman, Pearson Education. 
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1.1, 1.2: Jaek Seanlan, Pearson Education. 
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À. See Àngstrom 
Abands, 186/ 187, 187/ 

Abdomen 

arteries of, 474-476, 475-476/ 
muscles of, 198/ 206í, 207-208/ 685/ 
686-687 

in breathing, PEx-106, PEx-107 
surface anatomy of, 685/ 686-687, 
686 / 

veins of, 477-478, 480/ 

Abdominal (term), 2, 3/ 

Abdominal aorta, 472, 474-476, 475/ 
476/ 

Abdominal eavity, 6, 7/ 18-20, 20/ 
Abdominal organs 

blood vessels of. See Abdomen, arteries 
of; Abdomen, veins of 
peritoneal attaehments of, 580/ 
Abdominal reflex, 339 
Abdominal wall muscles, 198/ 206í, 
207-208/ 685/ 686-687 
in breathing, PEx-106, PEx-107 
Abdominopelvie eavity, 6, 7/ 18-21, 

20 / 21 / 

quadrants/regions of, 8, 8/ 9/ 

Abducens nerve (eranial nerve VI), 286í, 
288, 288/ 289/ 

Abduction (body movement), 173, 175/ 
Abductor pollieis longus muscle, 214í, 
215/ 

ABO antigens, 434 1, 435/ PEx-162, 
PEx-167, PEx-168í. See also ABO 
blood group 

ABO blood group, 434, 434 1, 435/ 
PEx-162, PEx-167, PEx-168t 
inheritanee of, 672, 672í, PEx-167 
typing for, 434-435, 434 1, 435/ 
Absolute refraetory period, 234, 267, 
PEx-45, PEx-94 
eardiae, PEx-94 
muscle eell, 234 
neuron, 267, PEx-44 to PEx-45 
Absorption, 574 

in small intestine, 581-582, 581/ 
Aeeessory cutaneous organs, 94/ 97-100, 
97/ 98/ 99/ 100/ 

Aeeessory digestive organs/ducts, 574, 
584-588, 587/. See also speeifie 
organ 

Aeeessory ducts, male reproductive, 
630-631/ 631-632 
Aeeessory glands, male reproductive, 
630-631/ 632 

Aeeessory hemiazygos vein, 479, 481/ 
Aeeessory nerve (eranial nerve XI), 287/, 
288, 288/ 289/ 313/ 682, 683/ 
Aeeommodation, 372, 375 
near point of, 372-373 
Acetabular labmm, 176, 176/ 
Acetabulum, 153, 154/ 176 
in male versus female, 153, 155/ 
Aeetyleholine, 324, PEx-98 
in muscle eontraetion, PEx-18 
in neuromuscular junction, 189, 189/ 
Aehilles (ealeaneal) tendon, 199/ 223/ 
693/ 

Aeid, PEx-149 
strong, PEx-149 
weak, 564, PEx-149 
Aeid ash foods, 622 
Aeid-base balanee, 564, PEx-149 to 
PEx-159 

renal system in, PEx-150, PEx-152 to 
PEx-154 


respiratory system in, 564-565, 564/ 
PEx-150, PEx-150 to PEx-152, 
PEx-154 to PEx-156 
Aeid hydrolases, 43 
Aeidophil eells, 410, 410/ 

Aeidosis, PEx-150, PEx-151 
ketonuria and, 623 
metabolie, PEx-154 
respiratory, PEx-151, PEx-153 
respiratory and renal responses to, 
PEx-150, PEx-151, PEx-152 to 
PEx-154, PEx-154 to PEx-156 
Aeinar eells, panereatie, 409/ 410 
Aene, 99 
Acoustic meatus 

external (extemal auditory eanal/ 
meatus), 120, 121/ 122/ 384, 384/ 
680/ 681 

internal, 120, 123/ 

Acquired (leamed) reflexes, 336 
reaetion time of, 341-344, 343/ 
Acquired umbilical hernia, 686 
Aeromegaly, 406 
Aeromial (term), 2, 3/ 

Aeromial (lateral) end of elaviele, 148, 
149/ 

Acromioclavicular j oint, 148/ 152, 170/, 
687, 687/ 

Aeromion, 148, 149/ 179/ 687 
Aerosome, 648, 648/ 

ACTH (adrenoeortieotropie hormone), 
406, 407/ PEx-69 to PEx-70, 
PEx-69/ 

Aetin, 43/, 44, 187 

Aetin (thin) filaments, 43/, 44, 186/ 187 
muscle eontraetion and, 234, 240 
Aetion potential, 234, 267, PEx-35, 
PEx-41 

eardiae, PEx-94, PEx-94/ 
in muscle eells, 234 
in neurons, 256, 266-267, 266/ 
PEx-35, PEx-41, PEx-50 to PEx-52. 
See also Nerve impulse 
ehemieal synaptie transmission/ 
neurotransmitter release and, 
PEx-49 to PEx-50 

compound, 267, 270-271, 270/ 271/ 
conduction veloeity and, PEx-47 to 
PEx-49, PEx-48 

oseilloseope in study of, 270-271, 
270/ 271/ 

refraetory periods (absolute and 
relative) and, 267, PEx-44 to 
PEx-45, PEx-45 
stimulus intensity eoding and, 

PEx-46 to PEx-47 
threshold and, 266/ 267, PEx-41 to 
PEx-42 

voltage-gated sodium ehannels and, 
PEx-42 to PEx-44 
propagation of, 267 
Aetive eleetrode, for EEG, 300 
Aetive foree, in muscle eontraetion, 
PEx-26 to PEx-27 

Aetive proeesses/transport, 54, 60-61, 
PEx-3, PEx-4, PEx-13 
aetive transport, 41, 60, PEx-4, 

PEx-13 to PEx-14 
primary, 60 

seeondary, 60, PEx-140 
vesicular transport, 60-61, 61/ PEx-4 
Aetive site, PEx-123 
Acuity testing 
hearing, 387 
visual, 373-374 

Adam’s apple (laryngeal prominenee), 
538, 540/ 681, 682/ 

Adaptation, 353-354, PEx-46 
olfaetory, 401-402, PEx-46 
Adaptive immune system, 527 


Addison’s disease, 97, PEx-69, PEx-69/ 
Adduction (body movement), 173, 175/ 
Adductor brevis muscle, 216/, 217/ 
Adductor longus muscle, 198/ 216/, 217/ 
691/ 692/ 693 

Adductor magnus muscle, 199/ 216/, 

217/ 219/ 

Adductor muscles of thigh, 216/, 217/ 
692/ 693 

Adductor tubercle, 156, 156/ 
Adenohypophysis (anterior pituitary 
gland), 406, 407/ 410, 410/ 
hormones of, 406-407, 407/ 418 
Adequate stimulus, PEx-39, PEx-40 
ADH. See Antidiuretic hormone 
Adhesions, in joints, 180 
Adipose tissue (fat), 75, 77/ 82, 94/ 
Adjustment knobs (mieroseope), 28, 29/ 
Adrenal cortex, 408, 410/411, PEx-69 
Adrenal (suprarenal) glands, 20, 21/ 408, 
409/ PEx-60/ 

mieroseopie anatomy of, 410/411 
Adrenaline. See Epinephrine 
Adrenal insufficiency, PEx-69, PEx-69/ 
Adrenal medulla, 408, 410/ 411 
Adrenergie fibers, 324 
Adrenergie modifiers, PEx-98 
Adrenoeortieotropie hormone (ACTH), 
406, 407/ PEx-69 to PEx-70, 

PEx-69/ 

Adventitia 

alimentary eanal, 574 
traeheal, 543/ 

Afferent arteriole, 613, 614/ 615/ 
PEx-131, PEx-133, PEx-135, 
PEx-137 

radius of, glomemlar filtration and, 
PEx-132 to PEx-135, PEx-137 to 
PEx-139 

Afferent (sensory) nerves, 258, 276 
Afferent (sensory) neurons, 258, 259/ 
PEx-35, PEx-39, PEx-41, PEx-50 to 
PEx-52 

in reflex are, 336, 336/ 

A fibers, conduction veloeity of, PEx-48, 
PEx-48 to PEx-49 
Afterimages, negative, temperature 
adaptation and, 354 
Afterload, PEx-84, PEx-86 
Agar gel, diffusion through, 55-56, 55/ 
Agarose gel eleetrophoresis, in 
hemoglobin phenotyping, 

672-673, 673/ 

Agglutinins, blood typing and, 434, 434/, 
435/ PEx-167 

Agglutinogens, blood typing and, 434, 
434/, 435/ PEx-162, PEx-167 
Agonists (ehemieal), PEx-98 
Agonists (prime movers), 196 
Agranulocytes (agranular leukocytes), 
426/, 428 

Air-conduction hearing, testing, 388, 388/ 
Ala(e) 

of nose, 681, 681/ 
saeral, 134, 134/ 

Albumin, in urine (albuminuria), 

622-623, 624 

Aleohol ingestion, metabolie aeidosis 
and, PEx-154 

Aldosterone, 408, PEx-142 
urine formation and, PEx-142 to 
PEx-143 

Alimentary eanal (GI traet), 574, 

PEx-119, PEx-120/. See also speeifie 
organ 

histology of, 574, 576/ 

Alkali ingestion, metabolie alkalosis and, 
PEx-154 

Alkaline ash foods, 622 
Alkalosis, PEx-150 


metabolie, PEx-154 
respiratory, PEx-150, PEx-152 
respiratory and renal responses to, 
PEx-150, PEx-152 to PEx-154, 
PEx-154to PEx-156 
Allantois, 660, 660/ 

Alleles, 668 
eodominant, 672 

All-or-none phenomenon, aetion potential 
as, 267, PEx-46, PEx-48 
Alpha bloek, 300 

Alpha (a) eells, panereatie, 409/ 410 
Alpha waves/rhythm, 300, 300/ 

Alveolar eells, 541/ 

Alveolar ducts, 540/ 541, 544/ 

Alveolar pores, 541/ 544/ 

Alveolar proeess(es), 121/ 127, 127/ 
Alveolar saes, 70/ 540/ 541, 544/ 
Alveoli 

mammary gland, 637, 637/ 
respiratory, 70/ 540/ 541, 541/ 544, 
544/ PEx-105 
Amaerine eells, retinal, 363/ 

Amino aeids, PEx-125 
Amnion, 660, 660/ 662/ 

Amniotie sae, 661 

Amoeboid motion, by leukocytes, 428 

Amphiarthroses, 169 

Ampulla 

of ductus deferens, 630/ 631, 631/ 
hepatopanereatie, 581, 587/ 
of semicircular duct, 389-390 
of uterine tube, 635/ 

Ampullary cupula, 390 
Amygdaloid body, 280 
Amylase 
panereatie, 597/ 

salivary, 576, 585, 596-598, 597/ 
PEx-121, PEx-123 
Anabolism, 419, PEx-60 
Anal eanal, 575/ 583, 583/ 

Anal sphineters 
extemal, 583, 583/ 
internal, 583 
Anaphase 

of meiosis, 646, 646/ 
of mitosis, 45, 47/ 

Anatomieal crown of tooth, 585 
Anatomieal dead spaee, 541 
Anatomieal left/right, 8 
Anatomieal neek of humerus, 148, 150/ 
Anatomieal position, 2, 3/ 

Anatomieal snuff box, 690, 690/ 
Anatomieal terminology, 1-14 
Anconeus muscle, 212/ 212í, 215/ 
Androgens. See also Testosterone 
adrenal, 408 

Anemia, 428, 429, PEx-162 
blood viseosity and, PEx-78 
hemoglobin and, 428, PEx-166 
Angina peetoris, referred pain and, 354 
Angiotensin eonverting enzyme, 

PEx-142 

Àngstrom (Á), 32 1 
Ankle, muscles aeting on, 220í, 221/ 
222-224 1, 223-224/ 

Ankle-jerk (ealeaneal tendon) reflex, 

338, 339/ 

Anklejoint, 17 ìt 

ANS. See Autonomic nervous system 
Ansa eerviealis, 313/ 315? 

Antaeid ingestion, metabolie alkalosis 
and, PEx-154 

Antagonists (ehemieal), PEx-98 
Antagonists (muscle), 196 
Antebraehial (term), 2, 3/ 

Antebraehial vein, median, 479, 481/ 
689/ 

Antebraehmm. See Forearm 
Antecubital (term), 2, 3/ 
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Anterior (term), 3, 4/ 

Anterior axillary fold, 685/, 687 
Anterior border of tibia, 157, 157/ 692/ 
693 

Anterior eardiae vein, 444/ 448, 448/ 
Anterior eerebellar lobe, 282, 282/ 
Anterior eerebral artery, 472, 473/ 
Anterior ehamber, 363 
Anterior circumflex humeral artery, 474, 
474/ 

Anterior commissure, 280/ 

Anterior communicating artery, 

472, 473/ 

Anterior eranial fossa, 120, 123/ 

Anterior emeiate ligament, 177/ 

Anterior femoral cutaneous nerve, 316/ 
317 

Anterior (frontal) fontanelle, 137, 137/ 
Anterior (ventral) funiculus, 310, 310/ 
312/ 

Anterior gluteal line, 154/ 

Anterior (ventral) horns, 281/ 284/ 308, 
310/312/ 

Anterior inferior iliae spine, 153, 154/ 
Anterior intereostal artery, 474, 474/ 
Anterior interventricular artery, 444/ 
447-448, 448/ 

Anterior muscle eompartment 
forearm muscles and, 213/ 

213-214t, 688 
lower limb muscles and 
foot and ankle, 220í, 221/ 692/ 
thigh and leg, 217/ 218/, 692/ 
Anterior nasal spine, 127/ 

Anterior pituitary gland 

(adenohypophysis), 406, 407/ 410, 
410/ 

hormones of, 406-407, 407/ 418 
Anterior pole of eye, 362/ 

Anterior sealene muscle, 203?, 204/ 
Anterior segment, 362/ 363 
Anterior superior iliae spine, 153, 154/ 
157-158, 685/ 686 , 686/ 

Anterior tibial artery, 476, 477/ 

Anterior tibial vein, 477, 479/ 

Anterior triangle of neek, 682, 683/ 
Anti-A antibodies, 434í, 435/ 

PEx-168, PEx-168f 
Anti-B antibodies, 434/, 435/ 

PEx-168, PEx-168/ 

Antibodies, 529, 530-532, 531/ 

PEx-177 to PEX-178, PEx-178/ 
blood typing and, 434, 434/, 435/ 
PEx-168, PEx-168/ 
eonstant region of, 530, 531/ 

PEx-182 

fluorescent, in direet fluorescent 
antibody technique, PEx-178 to 
PEx-180 

variable region of, 530, 531/ PEx-182 
Antibody monomers, 530, 531/ 
Antidiuretic hormone (ADH), 407, 407/ 
PEx-139, PEx-142 
urine eoneentration and, PEx-139 to 
PEx-140 

urine formation and, PEx-139, 
PEx-142 to PEx-143 
Antigen(s), 528, 529, 530, 531/ 

PEx-177 to PEX-178, PEx-178/ 
blood typing and, 434, 434/, 435/ 
PEx-162, PEx-167, PEx-168/ 
Ouchterlony technique in identifieation 
of, 531-532, 532/ 532/, PEx-180 to 
PEx-181 

Antigen-antibody reaetion, 531 
Antigen-antibody speeifieity, PEx-178, 
PEx-178/ 

Antigen-binding site, 531, 531/ 

PEx-178, PEx-178/ 

Antigenie determinants (epitopes), 531, 
531/ PEx-178, PEx-178/ 

Antiporter, PEx-13 
Antral (vesicular) folliele, 649/ 650, 
650/ 651, 652/ 

Antmm, ovarian folliele, 650/ 651 
Amilospiral endings, 351/ 

Anulus fibrosus, 131 
Anus, 20, 21/ 575/ 583 


Anvil (incus), 384/ 385 
Aorta, 445/ 446, 448/ 450/ 451, 472 
abdominal, 472, 474-476, 475/ 
aseending, 444/ 472 
deseending, 20 , 21/ 
thoraeie, 472-474, 472, 474/ 

Aortie areh, 444/ 472-474, 482/ 

Aortie semilunar valve, 445/ 446, 447/ 
451 

auscultation of, 494, 494/ 
stenosis of, PEx-86 

Aperture seleetion dial (ophthalmoseope), 
376, 376/ 

Apex 

of heart, 444, 444/ 445/ 450/ 452/ 
of lung, 542/ 543 
of nose, 681, 681/ 

of renal pyramid (papilla), 612, 612/ 
Apieal foramen, 585, 585/ 

Apieal membrane, PEx-140 
Apieal pulse, 444, 444/ 497 
Apieal-radial pulse, 497 
Apieal surface, of epithelium, 68, 68/ 
Aplastie anemia, PEx-162 
Apoerine glands, 99 
Aponeuroses, 188 
Appendieitis, 583 
Appendicular (term), 2 
Appendicular skeleton, 108/ 109, 

147- 165 

peetoral girdle/upper limb, 108/ 

148- 152, 148/ 149/ 150/ 151/ 

152/ 

pelvie girdle/lower limb, 108/ 

153-158, 154/ 155í, 156/ 157/ 158/ 
Appendix, 527/ 575/ 583, 583/ 
appendeetomy/appendieitis and, 686 
Aqueous humor, 361, 362/ 363 
Araehnoid mater 
brain, 282, 283/ 284/ 285 
spinal eord, 308, 309/ 310/ 

Araehnoid villi, 283, 283/ 284/ 

Arbor vitae, 280/ 282, 282/ 291/ 

Arehes (fingerprint), 101, 101/ 

Arehes of foot, 157, 158/ 

Areh of vertebra, 131, 131/ 132/ 

Arcuate arteries 
of foot, 476, 477/ 
renal, 612/ 613, 614/ 

Arcuate line, 153, 154/ 

Arcuate popliteal ligament, 177/ 178 
Arcuate veins, 612/ 613, 614/ 

Areola (breast), 637, 637/ 

Areolar eonneetive tissue, 74/ 75, 

76/ 82 

Arm. See also Forearm; Hand; Upper 
limb 

bones of, 148-150, 150/ 
deep artery of, 474, 474/ 
muscles of/muscles eontrolling, 198/ 
199/ 211, 212/ 212? 
surface anatomy of, 152, 687-688, 

687/ 688/ 

Arm (mieroseope), 28, 29/ 

Arreetor pili muscle, 94/ 98, 98/ 

Arterial pressure, 497. See also Blood 
pressure 

mean (MAP), 499 
measuring, 498-499, 498/ 

Arteries, 470, 470/ 471, 471/ 

472-477. See also speeifie structure 
supplied or speeifie named artery 
Arterioles, 519-520, 519/ 
in nephron, 613, 614/ 615/ 

PEx-131, PEx-133 
radius of, glomerular filtration and, 
PEx-132 to PEx-135, PEx-137 to 
PEx-139 

terminal, 519, 519/ 

Arterioselerosis, PEx-86 
Arthritis, 180 

Articular capsule, 169, 169/ 171 
internal, 280 

Articular eartilage, 109, 109/ 110, 111/ 
169/ 171 

Articular dises, 171 
Articular proeesses/faeets, vertebral 
inferior, 132-133, 132, 132/ 133/ 


superior, 131/ 132, 132/ 133/ 134/ 
134? 

Articular tubercle, 179, 180/ 
Articulations, 108, 167-184, 168/ 169, 
170-171?. See also Joint(s) 

Arytenoid eartilages, 539, 540/ 

Asearis megaloeephala, oogenesis in, 
648-649 

Aseending aorta, 444/ 472 
Aseending eolon, 575/ 583, 583/ 
Aseending hrnibar vein, 479, 480/ 481/ 
Aseending (sensory) traets, 310, 311/ 
Assoeiation areas of brain, 278/ 
Assoeiation neurons (interneurons), 258, 
259/ PEx-35, PEx-50 
in reflex are, 336/ 337 
Assoeiation traets, 279 
Asters, 46/ 

Asthma, PEx-109, PEx-lll 
inhaler medieation and, PEx-111 
Astigmatism, 372, 374, 374/ 

Astroeytes, 254, 254/ 

Ateleetasis, PEx-112 
Atheroselerosis, 435-436, PEx-86, 
PEx-169 

Atlantoaxial joint, 170? 

Atlanto-oeeipital joint, 170? 

Atlas (Cj), 132, 132/ 

ATP 

for aetive proeesses, 54, 60, 61, PEx-3, 
PEx-4, PEx-13 

for muscle eontraetion, 234, 235 
Atria, eardiae, 444/ 445/ 446, 448/ 450/ 
in frog, 513/ 

Atrioventricular (AV) bundle (bundle of 
His), 458, 458/ 

Atrioventricular (AV) node, 458, 458/ 
Atrioventricular (AV) valves, 446, 447/ 
auscultation of, 494, 494/ 

Atropine, heart rate and, 518, PEx-98 to 
PEx-99 

Audiometry/audiometer, 388-389 
Auditory assoeiation area, 278/ 

Auditory canal/meatus, external (external 
acoustic meatus), 120 , 121/ 122/ 
384, 384/ 680/ 681 
Auditory cortex, primary, 278/ 387 
Auditory ossieles, 384/ 385 
Auditory reeeptor (hair) eells, 386, 386/ 
387 

Auditory (pharyngotympanic/eustachian) 
tube, 384/ 385, 538, 539/ 

Auricle (pinna), 80/ 384, 384/ 681, 

681/ 

Auricle(s), of heart, 445/ 450, 450/ 
Auricular nerve, greater, 313/ 315? 
Auricular surface of ilium, 153, 154/ 
Auricular vein, posterior, 480/ 
Auscultation 

of heart sounds, 494, 494/ 
of respiratory sounds, 551-552 
triangle of, 552, 683, 684/ 
Autoimmunity, 528 
Automaticity/autorhythmicity, eardiae 
muscle, 512-513, PEx-93 
Autonomic nervous system (ANS), 276, 
323-333, 324/ 
function of, 324-332 
in heart regulation, 458, PEx-95, 
PEx-98 

parasympathetie division of, 324, 324/ 
PEx-95 

sympathetie division of, 324, 324/ 

325/ PEx-95 

Autonomic (viseeral) reflexes, 336, 
340-341 

Autorhythmicity/automaticity, eardiae 
muscle, 512-513, PEx-93 
Autosomes, 669 
Avascularity, epithelial, 69 
AV valves. See Atrioventricular (AV) 
valves 

Axial (term), 2 

Axial skeleton, 108/ 109, 119-145, 120. 
See also speeifie region and speeifie 
bone 

skull, 108/ 120-130, 121/ 122/ 123/ 
124/ 125-126/ 127/ 128/ 129/ 


thoraeie eage, 108/ 135-136, 135/ 

136/ 683, 685/ 

vertebral column, 108/ 130-135, 130/ 
131/ 

Axilla, 685/ 687 
Axillary (term), 2, 3/ 

Axillary artery, 473/ 474, 474/ 

Axillary (lateral) border of scapula, 148, 
149/ 

Axillary folds, 685/ 687 
Axillary lymph nodes, 526/ 527, 687 
Axillary nerve, 313, 314/ 315? 

Axillary vein, 479, 481/ 

Axillary vessels, 687 
Axis (C 2 ), 132, 132/ 

Axon(s), 82/ 255/ 256, 256/ 257/ 260/ 
PEx-36, PEx-36/ PEx-41, PEx-49 
of motor neurons, 241, 255/ 257/ 

Axon eollaterals, 256 

Axon hilloek, 255/ 256, PEx-41 

Axon terminals, 188, 189, 189/ 190/ 

241, 255/ 256, PEx-36, PEx-36/ 
PEx-49 

Azygos system, 479 
Azygos vein, 479, 481/ 

Babinski’s sign, 339 
Baek, surface anatomy (bones/muscles) 
of, 683, 684/ 

Balanee tests, 391 
Ball-and-soeket joint, 172/ 173 
BAPNA, 598-599, PEx-125, PEx-126 
Barany test, 391-392 
Basal lamina, 69 
Basal layer 

of endometrium (stratum basalis), 636 
of skin (strahim basale), 95/ 96, 99/ 
Basal metabolie rate (BMR). See also 
Metabolie rate/metabolism 
determining, PEx-61 to PEx-62 
thyroid hormone affeeting, 419, PEx-62 
Basal nuclei (basal ganglia), 276/ 279 
Basal surface, of epithelium, 68, 68/ 

Base 

of axilla, 685/ 687 
of heart, 444, 450/ 
of lung, 542/ 543 
of metaearpal, 151 
of saemrn, 154/ 

Base (ehemieal), PEx-149 
strong, PEx-149 
weak, 564, PEx-149 
Base (mieroseope), 28, 29/ 

Basement membrane, 69, 70/ 71/ 72/ 
73/ 

Basilar artery, 473, 473/ 

Basilar membrane, 386, 386/ 387, 387/ 
Basilie vein, 479, 481/ 688, 689/ 
Basolateral membrane, PEx-140 
Basophil(s), 425/ 426?, 428, 428/ 
Basophil eells, 410, 410/ 

B eells (B lymphoeytes), 428, 

528-529, 528 

Beauchene skull, 120, 126/. See also 
Skull 

Bedsores (decubitus ulcers), 96, 96/ 
Benediet’s assay, PEx-121, PEx-122, 
PEx-123, PEx-124 
Beta ((3) eells, panereatie, 409/ 410 
Beta waves, 300, 300/ 

B fibers, conduction veloeity of, 

PEx-48, PEx-49 

Biaxial joints/movement, 168/ 172/ 

173 

Biearbonate (HC0 3 “) 
in aeid-base balanee, 564, 564/ 
PEx-149, PEx-150, PEx-151, 
PEx-153, PEx-154 
ingestion of, metabolie alkalosis and, 
PEx-154 

Biearbonate buffer system, PEx-150. 

See also Biearbonate (HC0 3 “), 
in aeid-base balanee 
Bieeps (term), muscle name and, 197 
Bieeps braehii muscle, 196/ 198/ 205/ 
211, 212/ 212?, 213/ 687, 687/ 689/ 
Bieeps femoris muscle, 199/ 218?, 219/ 
222, 693, 693/ 
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Bieipital furrow, medial, 687, 687/ 
Bieipital groove (intertubercular sulcus), 
150, 150/ 

Bicuspids (premolars), 584, 584/ 

Bicuspid (mitral) valve, 445/ 446, 447/ 
auscultation of, 494, 494/ 

Bile, 581, 586, 587, 599-600, PEx-127 
emulsification aetion of, 586, 597/, 
599-600 

Bile canaliculi, 587 

Bile duct, 581, 586, 586/ 587, 587/ 588/ 
Bile pigments (bilimbin), in urine 
(bilirubinuria), 623, 624-625 
Bile salts, PEx-127. See also Bile 
Bilimbin, in urine (bilirubinuria), 623, 
624-625 

Binocular vision, 374-375, 374/ 
Biologieal aetion, hormone-reeeptor 
complex exerting, PEx-59 
BIOPAC® 

for baseline heart aetivity, 514-515, 
515-516,515/516,516/ 
for ECG, 462-466, 462/ 463/ 464/ 

465/ 

for EEG, 301-304, 301/ 302/ 303/ 
304/ 

for EMG, 241-248 

for galvanie skin response in polygraph, 
326-332, 327/ 328/ 329/ 330/ 
for heart rate modifiers, 517-519 
for pulse, 495-497, 496/ 497/ 
for reflex reaetion time, 342-344, 343/ 
for respiratory volumes, 559-562, 559/ 
560/ 561/ 

Bipennate faseieles/mmeles, 196/ 

Bipolar eells, 363/ 364 
Bipolar neurons, 257, 258/ 

Birth, ehanges in fetal circulation at, 

483/ 484 
Bitter taste, 400 
Blaekheads, 99 

Bladder (urinary), 20, 20/ 21/ 22/ 73/ 
610/611,611/615 
functional mieroseopie anatomy of, 

615-616 
palpable, 687 

Blastoeyst, 659, 659/ 660/ 

Blastomeres, 658, 659/ 

Blastula, 48, 658, 659 

Blaze, genotype/phenotype and, 672 

Bleeding time, 433 

Blind spot (optie dise), 362, 362/ 365/ 
371-372, 372/ 

Blood, 75, 81/ 423-441 
eomposition of, 424-429, 425/ 426 1, 
427/ 428/ 

hematologie tests/analysis of, 

429-436, 430/ 431/ 432/ 433/ 434í, 
435/ PEx-161 to PEx-176. See also 
speeifie test 

pH of, 564, PEx-149. See also 
Aeid-base balanee 
precautions for handling, 424 
in urine, 623, 624 

Blood air barrier (respiratory membrane), 
541, 541/ 

Blood eells (formed elements), 

424-425, 424, 425/ 426-429, 426í, 
427/ 428/ 

blood viseosity and, PEx-78 
mieroseopie appearanee of, 426-429, 
427/ 428/ 

tissues forming (hematopoietie tissue), 

75 

Blood (plasma) eholesterol, 435-436, 
PEx-161, PEx-169 to PEx-171 
Blood elotting, 433-434, 433/ 

Blood flow, PEx-76 
loeal, 519-520, 519/ 
pressure and resistanee and, 500, 
PEx-75 to PEx-76, PEx-76, 

PEx-76 to PEx-88 
blood pressure and, 500, PEx-80 to 
PEx-82 

compensation/cardiovascular 
pathology and, PEx-86 
vessel length and, PEx-76, PEx-79 
to PEx-80 


vessel radius and, PEx-76, PEx-76 
to PEx-78 

viseosity and, PEx-76, PEx-78 to 
PEx-79 

skin eolor and, 97, 502-504 
Blood pressure (BP), 497-501, 498/ 
arterial 

mean (MAP), 499 
measuring, 498-499, 498/ 
blood flow and, 500, PEx-80 to PEx-82 
eardiae eyele and, 493/ 
faetors affeeting, 500-501 
glomemlar filtration and, PEx-135 to 
PEx-137, PEx-137 to PEx-139 
renal response to ehanges in, 

PEx-137 to PEx-139 
venous, 499 
Blood smear, 427, 427/ 

Blood type, 434-435, 434í, 435/ 
PEx-161, PEx-162, PEx-167 to 
PEx-169, PEx-168t 
inheritanee of, 672, 67 2t, PEx-167 
Blood vessel(s), 469-490, 470/. See also 
Circulation(s) 

arteries, 470, 470/ 471, 471/ 
eapillaries, 448/ 470, 470/ 472 
mieroseopie structure of, 470-472, 
470/ 471/ 

skin eolor affeeted by stimulation of, 
504 

in speeial circulations, 479-484, 482/ 
483/ 484/ 

veins, 470, 470/ 472, 477-479, 478/ 
Blood vessel length, blood flow and, 
PEx-76, PEx-79 
Blood vessel radius, PEx-76 
blood flow and, PEx-76, PEx-76 to 
PEx-78 

glomemlar filtration and, PEx-132 to 
PEx-135, PEx-137 to PEx-139 
pump aetivity and, PEx-82 to PEx-83 
Blood vessel resistanee, PEx-75, PEx-76 
blood flow and, PEx-75 to PEx-76, 
PEx-76, PEx-76 to PEx-88 
compensation/cardiovascular 
pathology and, PEx-86 
blood pressure and, 500, PEx-75 to 
PEx-76, PEx-76 

Blood viseosity, PEx-76, PEx-78 
blood flow and, PEx-76, PEx-78 to 
PEx-79 

BMR. See Basal metabolie rate 
Body of bone 
ischium, 154/ 
mandible, 127, 127/ 
sphenoid, 124/ 
sternum, 135, 135/ 683 
vertebra (eentmm), 131, 131/ 132/ 
133/ 134/ 134? 

Body eavities, 6-8, 7/ 8/ 9/ 

Body movements, 173-174, 173/ 
174-175/ 

Body of nail, 97, 97/ 

Body orientation/direetion, 3-4, 4/ 

Body planes/seetions, 4-6, 5/ 6/ 

Body of stomaeh, 577 
Body temperature regulation, PEx-97 
skin in, 96 

Body tube (mieroseope), 28 
Body of uterus, 634, 635/ 

Bolus, 585 

Bone(s)/bone (osseous) tissue, 75, 81/ 
108, 108/ 110-114 
ehemieal eomposition of, 111 
elassifieation of, 110 
formation/growth of (ossifieation), 
114,114/ 

gross anatomy of, 110-111, 111/ 
mieroseopie structure of, 113-114, 

113/ 

Bone-conduction hearing, testing, 388, 
388/ 

Bone density, loss of in osteoporosis, 
PEx-67 

Bone markings, 110, 112? 

Bone marrow, 110, 111/ 

Bone spurs, 180 
Bone tissue. See Bone(s) 


Bony labyrinth, 385 
Bony pelvis. See Pelvis 
Bony thorax, 108/ 135-136, 135/ 136/ 
683-684, 685/ 

Boutons, terminal (axon terminals), 188, 
189, 189/ 190/ 241, 255/ 256, 
PEx-36, PEx-36/ PEx-49 
Bowel sounds, 686-687 
Bowman’s (glomemlar) capsule, 613, 

614/ 615/ PEx-131, PEx-132/ 
PEx-133, PEx-135, PEx-137 
BP. See Blood pressure 
Braehial (term), 2, 3/ 

Braehial artery, 474, 474/ 687-688, 688, 
689/ 

pulse at, 495, 495/ 688 
Braehialis muscle, 198/ 212/ 212/ 689/ 
Braehial plexus, 313-316, 313/ 314/ 

315/ 682, 683/ 

Braehial vein, 479, 481/ 

Braehioeephalie artery/tmnk, 444/ 450/ 
451, 472, 473/ 474/ 

Braehioeephalie veins, 478, 480/ 481/ 
Braehioradialis muscle, 198/ 199/ 212/ 
212/ 213/ 215/ 688 , 689/ 
Bradyeardia, 460 
Brain, 276-285 

arterial supply of, 472-474, 473/ 
eerebelhim, 277/ 279, 279/ 280/ 282, 
282/ 288/ 

eerebral hemispheres, 277-278, 
277-278/ 279-281, 280/ 281/ 288/ 
eerebrospinal fluid and, 283-285, 284/ 
development of, 276-277, 276/ 
dieneephalon, 276/ 278, 279/ 281-282 
eleetrieal aetivity of, reeording 
(eleetroeneephalography), 299-306, 
300, 300/ 301/ 302/ 303/ 304/ 
meninges of, 282-283, 283/ 
sheep, disseetion of, 285-292, 288/ 
289-290/ 291/ 292/ 
veins draining, 478-479, 480/ 

Brain stem, 276/ 278, 279/ 282, 282/ 288/ 
Brain vesieles, 276/ 

Brain waves, 299-306, 300/ 301/ 302/ 
303/ 304/ 

Breast, 637, 637/. See also under 
Mammary 

Breath holding, ECG during, 461-462 
Breathing, 538, 550-572, 551/ 

PEx-105, PEx-106/ See also under 
Respiratory 

aeid-base balanee and, 564-565, 564/ 
PEx-150, PEx-150 to 
PEx-152, PEx-154 to PEx-156 
faetors affeeting, 562-564 
frequency of, PEx-106 
meehanies of, 550-551, 551/ 

PEx-105 to PEx-117 
muscles of, 206 1, 207/ 550, 

PEx-106, PEx-107 
Breathing sounds, 551 
Brevis (term), muscle name and, 197 
Bridge of nose, 681, 681/ 

Broad ligament, 635/ 636 
Broea’s area, 278, 278/ 

Bronehi, 18, 540, 540/ 542/ 

Bronehial arteries, 474, 479 
Bronehial eartilages, 109 
Bronehial sounds, 551 
Bronehial tree, 541 
Bronehioles, 540/ 541, 544, 544/ 

Bmsh border, 71/ 581/. See also 
Mierovilli 

Bmsh border enzymes, 581, 597/ 

BTPS faetor, 555 
Buccal (term), 2, 3/ 

Buccal phase, of deglutition (swallowing), 
602, 602/ 

Buccinator muscle, 200t, 201/ 202/ 202í 
Buffer(s)/buffer system(s), 564, 565, 
PEx-150 

earbonie aeid-biearbonate (respiratory), 
564, 564/ 565, 

PEx-150, PEx-150 to PEx-152. See 
also Respiratory buffering system 
ehemieal, PEx-150 
renal, PEx-150, PEx-153 to PEx-154 


Buffy eoat, PEx-162 

Bulbar conjunctiva, 360, 360/ 

Bulbo-urethral glands, 21/ 630/ 

63 1/ 632 

Bulbous corpuscle, 350/ 351 
Bundle branehes, 458, 458/ 

Bundle of His (atrioventricular/AV 
bundle), 458, 458/ 

Bursa(e), 171 
Buttocks, 690, 691/ 

Calcaneal (term), 2, 3/ 

Calcaneal nerve, 318? 

Calcaneal (Aehilles) tendon, 199/ 223/ 
693/ 

Calcaneal tendon (ankle-jerk) reflex, 

338, 339/ 

Calcaneus (heel bone), 108/ 157, 158, 
158/ 

Calcitonin, 408, PEx-67, PEx-68 

Calcitriol, 408 

Calcium 

automaticity/autorhythmicity and, 512, 
PEx-93 
in bone, 111 

ealeitonin in regulation of, 408 
heart rate and, 518, PEx-99 to 
PEx-101, PEx-100í 
muscle eontraetion and, 234 
neurotransmitter release and, 

PEx-49 

parathyroid hormone in regulation 
of, 408 

Calcium ehannel(s), fast, automaticity 
and, 512 

Calcium ehannel bloekers, PEx-99, 
PEx-100 

Calvaria (eranial vault), 120 
eAMp, PEx-59 to PEx-60 
Canaliculi 
bile, 587 

in bone, 113/ 114 
laerimal, 360, 360/ 

Cancellous (spongy) bone, 110, 111/ 

113/ 

Canines (eye teeth), 584, 584/ 

Canthi, lateral and medial (lateral/medial 
commissures), 360, 360/ 
eapillaries, 448/ 470, 470/ 472, 
519-520,519/ 
glomemlar, 613, 614/ 615/ 

PEx-133, PEx-135 
peritubular, 613, 614/ 615/ 

PEx-132, PEx-139 
pulmonary, 448/ 479 
Capitate, 151, 152/ 

Capitulum, 150, 150/ 

Capsule 

articular, 169, 169/ 171 
glomemlar, 613, 614/ 615/ 
kidney, 610/611, 612, 612/ 
lymph node, 528/ 529 
spleen, 529/ 

Carbohydrate (stareh) digestion, 597-598, 
597/PEx-121 to PEx-123 
by salivary amylase, 576, 585, 

596-598, 597/ PEx-121 to PEx-123 
substrate speeifieity and, PEx-123 to 
PEx-125 
Carbon dioxide 

aeid-base balanee and, 564/ 565, 
PEx-150, PEx-151, PEx-153, PEx-154 
partial pressure of, PEx-106, 

PEx-150, PEx-153 
reaetion of with water, 565 
Carbonic aeid, in aeid-base balanee, 564, 
564/ PEx-150, PEx-151, PEx-153, 
PEx-154 

Carbonic aeid-biearbonate 

(respiratory) buffer system, 564, 564/ 
565, PEx-150, PEx-150 to PEx-152. 
See also Respiratory buffering system 
Cardia (eardial part of stomaeh), 577, 

578/ 

Cardiac aetion potential, PEx-94, 

PEx-94/ 

ion movement and, PEx-1 OOt 
Cardiac circulation, 446-449, 448/ 
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Cardiac eyele, 492, 493/, PEx-82 
Cardiac muscle, 83, 84/ 187, 449, 449/ 
See also Heart 

eontraetion of, PEx-84, PEx-93 
eleetrieal properties of, 512-513 
mieroseopie anatomy of, 83, 84/ 449, 
449/ 

refraetory period of, 517, PEx-94 to 
PEx-95 

Cardiac muscle bundles, 449/ 451 
Cardiac noteh, 542/ 543 
Cardiac output, PEx-76, PEx-82, PEx-84 
blood pressure affeeted by, 500 
Cardiac paeemaker, 458, 458/ PEx-93, 
PEx-96, PEx-98 
eetopie, 518 
in frog, 513, 513/ 514 
Cardiac skeleton, 446, 447/ 

Cardiac valves, 445/ 446, 447/ PEx-86 
murmurs and, 492 
Cardiac veins, 444/ 445/ 448, 448/ 
Cardiac ventrieles, 444/ 445/ 

450-451, 450/ 
in frog, 513/ 

right versus left, 451-452, 452/ 

Cardial part of stomaeh (eardia), 577, 
578/ 

Cardiovascular eompensation 
pathologieal eonditions and, PEx-86 
to PEx-88 

vessel radius affeeting pump aetivity 
and, PEx-82 to PEx-83 
Cardiovascular dynamies, PEx-75 to 
PEx-91 

Cardiovascular physiology, PEx-93 to 
PEx-104 
frog, 511-524 
human, 491-510 

Cardiovascular system, 16í, 444. See also 
Blood vessel(s); Heart 
Carotene, 97 
Carotid artery, 682, 683/ 
eommon, 472, 473/ 474/ 682 
pulse at, 495, 495/ 
external, 472, 473/ 682 
pulse at, 682 
intemal, 472, 473/ 

Carotid eanal, 120, 122/ 

Carotid pulse, 682 
Carpal (term), 2, 3/ 

Carpals, 108/ 151, 152/ 

Carpometacarpal joint, 17 Ot 
Carpus, 151, 152/ 

Carrier proteins, PEx-140 
aetive transport and, 60, PEx-4, PEx-13 
faeilitated diffmion and, 55, PEx-3, 
PEx-6 

glucose transport/reabsorption and, 55, 
PEx-6 to PEx-8, PEx-140 to PEx-142 
Cartilages/cartilage tissue, 75, 79/ 108, 
109-110, 109/ See also speeifie type 
Cartilaginous joints, 168/ 169, 170-171í 
Caruncle, laerimal, 360, 360/ 

Casts, urinary, 623, 626, 626/ 

Catabolism, 419, PEx-60 
Catalysts, 596, PEx-120 
Cataracts, 363 

Catecholamine hormones, PEx-59 
Cauda equina, 308, 309/ 313/ 

Caudal (term), 3, 4/ 

Caudate nucleus, 279-280, 281/ 292/ 

C (parafollicular) eells, 409, 409/ 

PEx-67 

Cecum, 18, 20/ 575/ 583, 583/ 

Celiac ganglia, 324 
Celiac tmnk, 474, 475/ 476/ 

Cell(s), 15, 40 

anatomy of, 40-44, 40/ 41/ 42/ 43 1 
eytoplasm/organelles of, 40, 40/ 41-44, 
41/ 42/ 43 1 

differenees/similarities in, 44-45 
division/life eyele of, 45-48, 46-47/ 
membrane of. See Plasma membrane 
mieroseopie examination of, 33-34, 

33/ 34/ 

nucleus of, 40, 40/ 42/ 
permeability/transport meehanisms of, 
40-41, 53-65, 54, PEx-3 to PEx-16 


Cell body, neuron, 82, 82/ 254, 255/ 

259/ PEx-35, PEx-36/ 

Cell division, 45-48, 46-47/ 

Cell junctions, in epithelia, 69 
Cellular immunity, 529 
Cellular respiration, 538 
Cellulose, PEx-123 

Cellulose digestion, PEx-123 to PEx-125 
Cement (tooth eovering), 585, 585/ 
Centimeter, 32/ 

Central (Haversian) eanal, 81/ 113/ 114 
Central eanal of spinal eord, 276/ 277, 
308,310/ 

Central nervorn system (CNS), 254, 276. 
See also Brain; Spinal eord 
supporting eells in, 254, 254/ 

Central retinal artery and vein, 362/ 
Central sulcus, 277, 277/ 278/ 

Centrioles, 42/ 43/, 44 
in sperm, 648 
Centromere, 46/ 646 
Centrosome, 42/ 44, 46/ 

Centrum (body), of vertebra, 131, 131/ 
132/ 133/ 134/ 134/ 
Cephalad/cranial (term), 3, 4/ 

Cephalic (term), 2, 3/ 

Cephalic vein, 479, 481/ 687/ 688, 689/ 
Cerebellar cortex, 279, 282, 282/ 
Cerebellar hemispheres, 282 
Cerebellar peduncles, 290 
eerebelhim, 277/ 279, 279/ 280/ 282, 
282/ 283/ 288/ 289/ 290, 290/ 

291, 291/ 

development of, 276/ 277 
Cerebral aqueduct, 276/ 280/ 282, 284/ 
291 

Cerebral arterial eirele (eirele of Willis), 
472, 473/ 474 

Cerebral arteries, 472, 473, 473/ 

Cerebral cortex/cerebral gray matter, 

276/ 277/ 278, 279, 281/ 

Cerebral fissures, 277, 277/ 288/ 

Cerebral hemispheres (eerebram), 

277-278, 277-278/ 279-281, 280/ 
281/ 288/ 289/ 290, 290/ 291/ 
development of, 276/ 277 
Cerebral peduncles, 278, 279/ 287, 289/ 
291, 291/ 

Cerebral white matter, 276/ 277/ 278, 
279, 281/ 

Cerebrospinal fluid, 283, 283-285, 284/ 308 
Cerebrum. See Cerebral hemispheres 
Ceruminous glands, 384 
Cervical (term), 2, 3/ 

Cervical eanal, 635/ 

Cervical curvature, 130/ 131 
Cervical enlargement, 308, 309/ 313/ 
Cervical lymph nodes, 526/ 527, 682 
Cervical plexus/spinal nerves, 309/ 313, 
313/315í, 682, 683/ 

Cervical vertebrae, 130/ 132, 132/ 133/ 
134í 

Cervix, 634, 635/ 

C fibers, conduction veloeity of, 

PEx-48, PEx-49 
Cheeks, 575 

Chemical buffers, PEx-150 
Chemical neurotransmitters, PEx-35 
Chemical stimulation, heart rate and, 
517-518, PEx-98 to PEx-99 
Chemical synapses, 255/ 256, PEx-35, 
PEx-49 to PEx-50, PEx-50 
Chemoreceptors, 350, 398 
“Chenille stiek” mitosis, 48 
Chiasmata (erossovers), 646, 646/ 

Chief eells, 578/ 579 
gastrie (zymogenie eells), PEx-125 
Ch 1 amyd i a/C/7 laniydia traehomatis, 

PEx-178 

direet fluorescent antibody technique in 
testing for, PEx-178 to PEx-180 
Chloride(s), in urine, 624 
Chloride shift, 564, 564/ 

Cholesterol, 435-436, PEx-161, 

PEx-162, PEx-169 
blood/plasma eoneentration of, 435- 
436, PEx-161, PEx-169 to PEx-171 
in plasma membrane, 40, 41/ 


Cholinergic fibers, 324 
Cholinergic modifiers, PEx-98 
Chondrocytes, 79/ 80/ 

Chordae tendinae, 445/ 446, 447/ 452/ 
Chorion, 659, 660/ 662/ 

Chorionic villi, 660, 660/ 662/ 

Choroid, 361, 362/ 
pigmented eoat of, 364 
Choroid plexus, 280/ 282, 283, 284/ 
ehromatids, 46/ 646 
ehromatin, 40, 40/ 42/ 46/ 
ehromatophilie substance (Nissl bodies), 
255/ 256 

Chromophobes, 410, 410/ 
Chromosome(s), 40, 46/ 
homologom, 646, 646/ 668 
sex, 669-670, 669/ 

Chronic obstraetive pulmonary disease, 
554. See also Obstraetive lung 
disease 

Chronotropic modifiers, PEx-100 

Chyme, 577 

Cilia 

olfaetory, 398, 398/ 
traeheal, 71/ 

Ciliary body, 361, 362/ 363, 

364, 365/ 

Ciliary glands, 360 
Ciliary muscles, 361, 362/ 363 
Ciliary proeesses, 361, 362/ 363 
Ciliary zonule, 362/ 363 
Ciliospinal reflex, 341 
Circle of Willis, 472, 473/ 474 
Circular fascicles/muscles, 196/ 

Circular folds, 581-582, 581/ 
Circulation(s) 
eoronary, 446-449, 448/ 
fetal, 482-484, 483/ 
hepatie portal, 484, 484/ 
pulmonary, 446, 448/ 
systemie, 446, 448/ 
arterial, 471/ 472-477 
venous, 477-479, 478/ 

Circulatory dynamies, skin eolor 
indieating, 97, 502-504 
Circumcision, 632 

Circumduction (body movement), 173, 
175/ 

Circumferential lamellae, 113/ 114 
Circumflex artery, 444/ 448, 448/ 
Circumflex femoral arteries, 476, 477/ 
Circumflex humeral arteries, 474, 474/ 
Cirrhosis, 587 

Cistern(s), Golgi apparatm, 43 
Cisterna ehyli, 526/ 527 
daviele (eollarbone), 108/ 148, 148/ 
149/ 152, 684, 685/ 687, 687/ 
Clavicular head, of stemoeleidomastoid 
muscle, 682, 682/ 

Clavicular noteh, 135/ 

Cleavage, 658-659, 658 
Cleavage furrow, 47/ 

Cleft palate, 538 
Clinical crown of tooth, 585 
ditoris, 634, 634/ 635/ 

Clonal seleetion, 528-529 
dotting (blood), 433-434, 433/ 
em. See Centimeter 
CNS. See Central nervous system 
Coagulation, 433-434, 433/ 

Coagulation time, 433-434 
Coarse adjustment knob (mieroseope), 
28, 29/ 

Coccygeal nerve, 313/ 

Coccyx, 130, 130/ 134/ 135, 683 
in male versm female, 155/ 

Cochlea, 385, 385/ 386/ 
mieroseopie anatomy of/hearing and, 
386-387,386/ 387/ 

Cochlear duct, 385, 385/ 386/ 387/ 
Cochlear nerve, 385/ 386/ 387, 387/ 
Codominant alleles, 672 
Cold exposure, blood pressure/heart rate 
affeeted by, 501 
Cold pressor test, 501 
Cold reeeptors, 352 
Colic artery, 475, 476/ 

Colic flexures, 583, 583/ 


Collagen fibers, 74/ 75, 76/ 78/ 79/ 80/ 
in skin, 96 

Collarbone. See Oaviele 
Collateral(s), axon, 256 
Collateral blood flow, skin eolor and, 
503-504 

Collateral (prevertebral) ganglion, 324, 
325/ 

Collateral ligaments, of knee (fibular and 
tibial), 177/ 178 
Collateral vessels, 503 
Collecting ducts, 613, 614/ PEx-132, 
PEx-132/ PEx-139 

Collecting lymphatie vessels, 526/ 527, 
527/ 

Colles’ fracture, 688 

Colliculi, inferior and superior, 279, 

280/ 291/ 

Collins spirometer, 552, 553/ 

Colloid, thyroid gland, 409, 409/ 410 
Colon, 22/ 575/ 583, 583/. See also 
Large intestine 
Color blindness, 374 
inheritanee of, 670 
Color vision, eones and, 364 
Columnar epithelium, 68/ 69 
pseudostratified, 71/ 
simple, 71/ 
stratified, 73/ 

Commissures, 279, 280/ 
gray, 308, 310/ 

lateral and medial (lateral/medial 
eanthi), 360, 360/ 

Common earotid artery, 472, 473/ 474/ 
682 

pulse at, 495, 495/ 

Common fibular nerve, 317-318, 317/ 

318í, 693 

Common hepatie artery, 474, 475/ 
Common hepatie duct, 586, 587/ 

Common iliae arteries, 475/ 476, 476/ 
477/ 

Common iliae veins, 477, 479/ 480/ 
Common interosseous artery, 474/ 
Common tendinous ring, extrinsic eye 
muscles, 361/ 

Communicating arteries, 472, 473/ 
Compactbone, 110, 111/ 
mieroseopie structure of, 113-114, 113/ 
Comparative spirometry, PEx-109 to 
PEx-112 

Compensation, cardiovascular 
pathologieal eonditions and, PEx-86 
to PEx-88 

vessel radius affeeting pump aetivity 
and, PEx-82 to PEx-83 
Compensatory pause, 516/ 517, PEx-95 
Complete heart bloek, 519 
Complete (fused) tetanus, 239/ 240, 
PEx-24, PEx-25, PEx-94 
Compound aetion potential, 267, 

270-271, 270/ 271/ 

Compound mieroseope, 28, 29/. See also 
Mieroseope(s) 

Concentration gradient, 54-55, PEx-4 
in aetive transport, 60, PEx-4, PEx-13 
in diffusion, 54-55, PEx-3, PEx-4, 
PEx-6 

in osmosis, 55, 59, 59/ PEx-8 
urine eoneentration and, PEx-139 to 
PEx-140 

Concentric eontraetion, isotonie, PEx-28 
Concentric lamellae, 114 
Conchae, nasal (nasal turbinates) 
inferior, 125/ 128, 538, 539/ 
middle, 124/ 125/ 127, 538, 539/ 
superior, 127, 538, 539/ 

Condenser (mieroseope), 28, 29/ 
Conductance, PEx-36 
Conducting zone structures, 541 
Conduction, aetion potential, PEx-41, 
PEx-48 

Conduction deafness, 388, 388/ 
Conduction system of heart, 458, 458/ 
disturbances of, 519 
in frog, 513-519, 514/ 515/ 516/ 
Conduction veloeity, PEx-47 to 
PEx-49, PEx-48 
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Conductivity, neuron, 82, 266, 266/ 
Condylar joint, 172/ 173 
Condylar proeess, mandible, 121/ 127, 
127/ 681 

Condyle (bone marking), 112í 
Cones, 361-362, 363/ 364 
eolor blindness and, 374 
Congenital umbilical hemia, 686 
Conjunctiva, 360, 360/ 

Conjunctivitis, 360 

Connective tissue, 74/ 75-82, 76-81/ 83 
of hair, 98, 98/ 
as nerve eovering, 260, 260/ 
of skeletal muscle, 188, 189/ 
Connective tissue fibers, 74/ 75, 76/ 
Connective tissue proper, 75, 76/ 77/ 

78 / 79 / 

Conoid tubercle, 148, 149/ 

Consensual reflex, 340 
Constant (C) region, immunoglobulin, 
530, 531/PEx-182 
Constipation, 584 
metabolie alkalosis and, PEx-154 
Contractility (heart), PEx-84 
eompensation and, PEx-86 
Contraction, skeletal muscle, 234-248, 
PEx-17 to PEx-34. See also Muscle 
eontraetion 

Contraction period/phase, of muscle 
twitch, 238, 238/ PEx-18, PEx-20 
Contralateral response, 340 
Controls, PEx-121, PEx-125, PEx-178 
Conus medullaris, 308, 309/ 
Convergence/convergence reflex, 375 
Convergent fascicles/muscles, 196/ 
Converting enzyme (angiotensin), PEx-142 
COPD. See Chronic obstmetive 
pulmonary disease 
Coracoacromial ligament, 179/ 
Coracobrachialis muscle, 205/ 212/ 
Coracohumeral ligament, 178, 179/ 
Coracoid proeess, 148, 149/ 

Cord reflexes, superficial, 339, 339/ 
Cords, braehial plexus, 313, 314/ 

Cornea, 361, 362/ 364, 365/ 

Corneal reflex, 340 
Corniculate eartilage, 540/ 

Cornua (horns) 
hyoidbone, 129, 130/ 
uterine, 21, 21/ 

Coronal (frontal) plane/seetion, 4, 5/ 6/ 
Coronal suture, 120, 121/ 

Corona radiata (eerebral proj eetion 
fibers), 280 

Corona radiata (ooeyte), 650/ 651, 658 
Coronary arteries, 444/ 445/ 447-448, 
448/ 472 

Coronary circulation, 446-449, 448/ 
Coronary sinus, 445/ 446, 448, 448/ 

451, 452/ 

Coronary sulcus, 444/ 445/ 447 
Coronoid fossa, 150, 150/ 

Coronoid proeess 
of mandible, 121/ 127, 127/ 
of ulna, 151, 151/ 

Corpora eavemosa, 630/ 631/ 633, 633/ 
Corpora quadrigemina, 279, 280/ 290, 
291/ 

Corpus albieans, 650, 650/ 

Corpus callosum, 279, 280/ 281/ 291/ 
Corpus luteum, 636, 649/ 650, 650/ 

651, 652/ 

Corpus spongiosmn, 630/ 631/ 

633, 633/ 

Corrugator supercilii muscle, 200/, 201/ 
Cortex 
adrenal, 408 

eerebellar, 279, 282, 282/ 
eerebral, 276/ 277/ 278, 279, 281/ 
of hair, 97, 98/ 
lymph node, 528/ 529 
renal, 612, 612/ 

Cortical nephrons, 613, 614/ 

Cortical radiate arteries, 612/ 613, 614/ 
615/ 

Cortical radiate veins, 612/ 613, 614/ 
Corticosteroids, 408, PEx-60 
Corticosterone, 408 


Corticotropin-releasing hormone (CRH), 

PEx-69 

Cortisol (hydroeortisone), 408, PEx-69 to 
PEx-70, PEx-69/ 

Cortisone, 408 

Costal eartilages, 79/ 109, 109/ 135, 

135/ 136 

Costal faeets (demifaeets), 132, 132/ 

133/ 136 

Costal groove, 136/ 

Costal margin, 135/ 684, 685/ 

Costal surface, 543 
Costocervical trnnk, 472, 473/ 474/ 
Costovertebral joint, 170/ 

Cough reflex, 538 

Coupled transport, PEx-13 

Cow eye, disseetion of, 364, 365/ 

Coxal (term), 2, 3/ 

Coxal bones (ossa coxae/hip bones), 

153, 154/ 

Coxal (hip) joint, 171/, 176, 176/ 
Cranial/cephalad (term), 3, 4/ 

Cranial base, 120 
Cranial eavity, 6, 7/ 

Cranial fossae, 120, 123/ 

Cranial nerve reflex tests, 

339-340 

Cranial nerves, 285, 286-287/, 

288-290, 288/ 289-290/ 

Cranial sutures, 120, 121/ 125/ 

Cranial vault (ealvaria), 120 
Craniosacral (parasympathetie) division 
of autonomic nervous system, 324, 
324/ PEx-95 
function of, 326 

in heart regulation, PEx-95, PEx-98 
Cranium, 108/ 120-127, 120, 121/ 122/ 
123/ 124/ 125-126/ 127/ 128/. See 
also speeìfie bone 
surface anatomy of, 680/ 681 
C (eonstant) region, immunoglobulin, 

530, 531/ PEx-182 
Cremaster reflex, 339 
Crenation, 59, 59/ 

Crest (bone marking), 112/ 

CRH. See Corticotropin-releasing 
hormone 

eribriform foramina, 123/ 
eribriform plates, 123/ 126-127 
Cricoid eartilage, 109/ 538, 539/ 540/ 
682, 682/ 

Cricothyroid ligament, 540/ 682, 

682/ 

Cricotracheal ligament, 540/ 

Crista(e), mitoehondrial, 44 
Crista ampullaris, 385/ 390, 391/ 

Crista galli, 123/ 124/ 126, 283/ 
Crossed-extensor reflex, 339 
Crossovers (ehiasmata), 646, 646/ 

Cross seetion/transverse plane, 5/ 6 , 6/ 
Crown of tooth, 585, 585/ 

Cruciate ligaments, 177/ 178 
Crural (term), 2, 3/ 

Crypts 

intestinal, 581/ 582, 582/ 
of tonsils, 529, 530/ 

CSF. See Cerebrospinal fluid 
Cubital fossa, 688 

Cubital vein, median, 479, 481/ 688, 689/ 
Cuboid, 158/ 

Cuboidal epithelium, 68/ 69 
simple, 70/ 
stratified, 72/ 

Cuneiform eartilage, 540/ 

Omeiforms, 158/ 

Cupula, ampullary, 390 
Curare, nerve function affeeted by, 269 
Curvatures of spine, 130/ 131 
Cushing’s disease, PEx-69, PEx-69t 
Cushing’s syndrome, PEx-69, PEx-69t 
Cutaneous femoral nerve, 316-317, 316/ 
317 1, 318/ 

Cutaneous glands, 98/ 99-100, 100/ 
Cutaneous membrane. See Skin 
Cutaneous nerves of arm/forearm, medial, 
314/ 

Cutaneous reeeptors/nerve endings, 94/ 
95/ 96, 96-97, 350, 350/ 351, 352 


Cutaneous vascular plexus, 94/ 

Cuticle 
hair, 97, 98/ 

nail (eponychium), 97, 97/ 

Cyanosis, 97 

Cyclic adenosine monophosphate 
(eAMP), PEx-59 to PEx-60 
Cystic duct, 586, 587/ 

Cytokinesis, 45, 47/ 

Cytoplasm, 40, 40/ 41-44, 41/ 42/ 
division of (eytokinesis), 45, 47/ 
Cytoplasmic inclusions, 44 
Cytoskeletal elements/eytoskeleton, 41/ 
42/ 43/ 44 
Cytosol, 41, 42/ 

Cytotoxic T eells, 529 

Daughter e ell s/ehromo s ome s/nuclei 
in meiosis, 45, 646, 646/ 
in mitosis, 45, 47/ 

DCT. See Distal convoluted tubule 
Dead spaee, anatomieal, 541 
Deafness. See also Hearing 
testing for, 388, 388/ 

Death, absenee of brain waves and, 300 
Decidua basalis, 659, 660/ 662/ 

Decidua capsularis, 659, 660/ 662/ 
Deciduous (milk) teeth, 584, 584/ 
Decubitus ulcers (bedsores), 96, 96/ 
Decussation of pyramids, 278, 279/ 
Deep/internal (term), 4 
Deep artery of arm, 474, 474/ 

Deep artery of thigh (deep femoral 
artery), 476, 477/ 

Deep breathing, ECG affeeted by, 
463-464, 464/ 465-466 
Deep faseia, 188 
Deep palmar areh, 474/ 

Deep palmar venous areh, 481/ 

Deep plantar areh, 479/ 

Deglutition (swallowing), 602-603, 602/ 
Delta waves, 300, 300/ 

Deltoid muscle, 196/ 197, 198/ 199/ 
205/205/ 209/211,212/684/ 

687, 687/ 

for intramuscular injeetion, 687, 691/ 
Deltoid tuberosity, 150, 150/ 

Demihmes, in salivary glands, 586, 586/ 
Dendrite(s), 82/ 255/ 256, 259/ PEx-35, 
PEx-36/ 

Dendritie eells, epidermal (Langerhans’ 
eells), 95/ 96 

Dens (odontoid proeess), 132, 132/ 

Dense eonneetive tissue, 75, 78/ 79/ 
Dental formula, 584 
Denticulate ligaments, 308, 309/ 

Dentin, 585, 585/ 

Dentition (teeth), 584-585, 584/ 585/ 
Depolarization, 234, 266, PEx-39 
eardiae, PEx-94 
ion movement and, PEx-100t 
muscle eell, 234, PEx-18 
neuron, 266-267, 266/ PEx-39, PEx-41 
Depressor anguli oris muscle, 200/ 201/ 
Depressor labii inferioris muscle, 200/ 
201 / 

Depth of field (mieroseope), 33 
Depth pereeption, 374-375 
Dermal papillae, 94/ 96 
Dermatographism, 504 
Dermis, 94, 94/ 96-97, 96/ 99/ 
Dermography, 100-102, 101/. See also 
Fingerprints 

Deseending aorta, 20, 21/ 

Deseending eolon, 575/ 583, 583/ 
Deseending (motor) traets, 310, 311/ 
Desmosomes, in skin, 95/ 

Development, embryonie, 657-666, 659/ 
660/ 

Diabetes insipidm, 407 
Diabetes mellitus, 408, PEx-64 to 
PEx-67 

fasting plasma ghieose levels and, 
PEx-65, PEx-66 
glycosuria in, 622 
ketonuria in, 623 

Dialysis, PEx-3, PEx-4 to PEx-6. See 
also Simple diffusion 


Dialysis saes, diffusion and osmosis 
through, 56-58 
Diapedesis, 428 

Diaphragm, 7/ 18, 19/ 206/ 207/ 542/ 
543, PEx-106, PEx-107 
during breathing, 550, 551/ PEx-107 
Diaphysis, 110, 111/ 

Diarrhea, 584 

metabolie aeidosis and, PEx-154 
Diarthroses, 169. See also Synovial joints 
Diastole, 446, 492, 493/ PEx-82 
Diastolie pressure, 497 
Dierotie noteh, 492, 493/ 

Dieneephalon, 276/ 278, 279/ 281-282 
Differential (seleetive) permeability, 
40-41, 53-65, 54, PEx-3, PEx-4, 
PEx-8 

Differential white blood eell count, 
429-430, 430/ 

Diffusion, 54, 54-55, 55-60, 55/ 59/ 

PEx-3, PEx-4 

faeilitated, 55, PEx-3, PEx-6 to 
PEx-8, PEx-140 

living membranes and, 58-60, 59/ 
nonliving membranes and, 56-58 
simple, 55, PEx-3, PEx-4 to PEx-6 
Diffusion rates, molecular weight and, 
55-56, 55/ 

Digastrie muscle, 204/ 204? 

Digestion, 574, 597/ PEx-119 to PEx-130 
ehemieal (enzymatie aetion), 

596-599, 597/ PEx-120 to 
PEx-130, PEx-120/ 
movements/sounds of, 602-603 
physieal proeesses in (food propulsion/ 
mixing), 602-603, 602/ 603/ 
Digestive system, 16/ 18, 20/ 

573-594, 574, 575/ PEx-119, 
PEx-120/ See also speeifie organ 
aeeessory organs of, 574, 575/ 576/ 
alimentary eanal (GI traet), 574, 575/ 
ehemieal and physieal proeesses of, 
595-608, PEx-119 to PEx-130. 

See also Digestion 
histologieal plan of, 574, 576/ 

Digital (term), 2, 3/ 

Digital arteries, 474/ 

Digitalis, heart rate and, 518, PEx-98 to 
PEx-99 
Digital veins 
in fingers, 481/ 
in toes, 479/ 

Dilator pupillae, 361 
Dimples, genotype/phenotype and, 671 
Diopter window (ophthalmoseope), 376 
Diploid ehromosomal mirnber (2 n), 646, 
668 

Direet enzyme-linked immunosorbent 
assay (ELISA), PEx-182, PEx-184 
Direet fluorescent antibody technique, 
PEx-178 to PEx-180 
Disloeations, 180 
Distal (term), 4, 4/ 

Distal convoluted tubule, 613, 614/ 
PEx-131, PEx-132/ 

Distal phalanx 
finger, 152, 152/ 
toe, 158/ 

Distal radioulnar joint, 151/ 170? 
Divisions, braehial plexus, 313, 314/ 
Dominanee, ineomplete, 669 
Dominant arm, foree measurement/ 
fatigue and, 244, 244/ 

Dominant gene, 668 
Dominant-reeessive inheritanee, 668 
Dorsal (term), 3-4, 4/ 

Dorsal body eavity, 6 , 7/ 

Dorsal (posterior) funiculus, 310, 
310/312/ 

Dorsal (posterior) horns, 284/ 308, 
310/312/ 

Dorsalis pedis artery, 476, 477/ 692/ 694 
pulse at, 495, 495/ 692/ 694 
Dorsalis pedis vein, 477, 479/ 

Dorsal median sulcus, 308, 309/ 310/ 
312/ 

Dorsal metatarsal arteries, 476, 477/ 
Dorsal metatarsal veins, 479/ 
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Dorsal rami, 312, 313/ 

Dorsal root, 308, 309/ 310/ 313/ 

Dorsal root ganglion, 257-258, 258/ 
259/308, 310/ 313/ 

Dorsal scapular nerve, 314/ 315í 
Dorsal venous areh, 477, 479/ 692/ 694 
Dorsal venous network, 690, 690/ 
Dorsiflexion (body movement), 174, 175/ 
Dorsum (term), 2, 3/ 

Dorsum nasi, 681, 681/ 

Double-gel diffusion, Ouchterlony, 
531-532, 532/ 532?, PEx-180 to 
PEx-181 

Dry spirometers, 552, 552/ 

Dual X-ray absorptiometry (DXA), 
PEx-67 

Ductus arteriosus, 451, 482, 483/ 

Ductus (vas) deferens, 21, 21/ 22, 22/ 
630/ 631, 631/ 

Ductus venosus, 482, 483/ 484 
Duodenal glands, 581/ 582, 582/ 
Duodenal papilla, major, 581, 587/ 
Duodenum, 575/ 578/ 581, 582, 582/ 
Dural sinuses, 479, 480/ 

Dura mater 

brain, 282, 283/ 284/ 285 
spinal eord, 308, 309/ 310/ 

Dwarfism, 406 

DXA. See Dual X-ray absorptiometry 
Dyads, 646, 648, 649 
Dynamie equilibrium, 389 
Dynamometer, hand, 244, 244/ 245, 245/ 
Dynamometry/dynagram, 244, 246/ 

Ear, 383-396, 680/ 681 
eartilage in, 80/ 109/ 
equilibrium and, 389-392, 390/ 391/ 
gross anatomy of, 384-386, 384/ 385/ 
386/ 

hearing and, 386-389, 387/ 388/ 
mieroseopie anatomy of 
of equilibrium apparatus, 389-391, 
390/ 391/ 

of spiral organ, 386-387, 386/ 387/ 
otoseopie examination of, 385-386 
Eardram (tympanie membrane), 384, 384/ 
Earlobe (lobule of ear), 384, 384/ 680/ 681 
Early gastrala, 658 
EC. See Expiratory eapaeity 
Eeerine glands (meroerine sweat glands), 
94/ 99, 100, 100/ 

ECG. See Eleetroeardiography 
Eetoderm, 658, 659, 660/ 

Eetopie paeemakers, 518 
Eetopie pregnaney, 634 
EDA. See Eleetrodermal aetivity 
Edema, 527 

EDV. See End diastolie volume 
EEG. See Eleetroeneephalography 
Effeetor, in reflex are, 336/ 337 
Efferent arteriole, 613, 614/ 615/ 
PEx-131, PEx-133, PEx-137 
radius of, glomeralar filtration and, 
PEx-132 to PEx-135, PEx-137 to 
PEx-139 

Efferent (motor) nerves, 258, 276 
Efferent (motor) neurons, 241, 255/ 258, 
259/ PEx-18, PEx-35 
in reflex are, 336/ 337 
Eggs (ova), 650 
development of (oogenesis), 

648-651, 649, 649/ 
fertilized (zygote), 646, 649, 

658, 659/ 

Einthoven’s law, 460 
Einthoven’s triangle, 460, 460/ 
Ejaculation, 631-632 
Ejaculatory duct, 630/ 631, 631/ 

EKG. See Eleetroeardiography 
Elastie arteries, 471 
Elastie eartilage, 80/ 109/ 110 
Elastie eonneetive tissue, 78/ 

Elastie fibers, 74/ 75, 76/ 78/ 
in skin, 96 

Elastie (titin) filaments, 186/ 

Elbow, 150/ 170?, 688, 688/ 689/ 
Eleetrieal stirmilation, muscle eontraetion 
and, 234, PEx-17, PEx-18 


Eleetroeardiography/eleetroeardiogram 
(ECG), 458-466, 459/ 459?, 460/ 
462/ 463/ 464/ 465/ 
with BIOPAC®, 462-466, 462/ 463/ 
464/ 465/ 

eardiae eyele and, 493/ 
limb leads for, 460, 460/ 462, 462/ 
with standard apparatus, 460-462 
Eleetroehemieal gradient, in aetive 
transport, 60 

Eleetrodermal aetivity (EDA/galvanie 
skin response), 326-332, 327/ 328/ 
329/ 330/ 

Eleetrodes 

for ECG, 460, 460/ 462, 462/ 
for EEG, 300, 300/ 301, 302, 302/ 
for oseilloseope, 270, 271/ 
for polygraph, 327, 327/ 
Eleetroeneephalography/ 

eleetroeneephalogram (EEG), 299- 
306, 300, 300/ 301/ 302/ 303/ 304/ 
Eleetromyography/eleetromyogram 
(EMG), 241-248 
foree measurement/fatigue and, 
244-248, 244/ 245/ 246/ 247/ 
temporal/nmltiple motor unit 
summation and, 241-244, 242, 242/ 
243/ 

Eleetrophoresis, gel, PEx-184 
hemoglobin phenotyping using, 
672-673, 673/ 

Elementary body (ehlamydia), 

PEx-178 

ELISA. See Enzyme-linked 
immunosorbent assay 
Embryonie eonneetive tissue 
(mesenehyme), 75, 76/ 

Embryonie development, 657-666, 

659/ 660/ 

Embryonie dise, 659, 660/ 

Embryonie membranes 660, 660/ 

EMG. See Eleetromyography 
Emmetropie eye, 372, 373/ 

Emphysema, 554, PEx-109, PEx-110 
Emulsification, by bile, 586, 597/ 
599-600 

Enamel (tooth), 585, 585/ 

Encapsulated nerve endings, 351 
Eneephalitis, 283 

End diastolie volume (EDV), 493/ 
PEx-82, PEx-84 
Endocardium, 445/ 446 
Endoehondral ossifieation, 114 
Endoerine system/glands, 16?, 69, 69/ 
405-416, 406, 407/ 409/ 

409-410/ PEx-59, PEx-60/ See also 
speeifie gland and hormone 
epithelial eells forming, 69, 69/ 
functional anatomy of, 405-416, 407/ 
409/ 409-410/ 

mieroseopie anatomy of, 409-411, 
409-410/ 

physiology of, 417-422, PEx-59 to 
PEx-74 

Endoeytosis, 61, 61/ 

Endoderm, 658, 659, 660/ 

Endolymph, 385, 386/ 389 
Endometrium, 635/ 636, 636/ 
during menstraal eyele, 651, 

651/ 652/ 

Endomysmm, 188, 189/ 

Endoneurium, 260, 260/ 

Endoplasmie reticulum (ER), 40/ 42-43, 
43? 

rough, 42-43, 42/ 43? 
smooth, 42, 42/ 43, 43? 
muscle eell (sareoplasmie reticulum), 
187, 187/ 

Endosteum, 110, 111/ 113/ 

End-plate potential, PEx-18 
End systolie volume (ESV), 493/ 

PEx-82, PEx-84 

Energy 

for aetive proeesses, 54, 60, 61, 

PEx-3, PEx-4, PEx-13 
kinetie, 54, 54/ PEx-3, PEx-4 
Enteroendoerine eells, 581/ 

Envelope, nuclear, 40, 40/ 42/ 


Enzyme(s), 596, PEx-120. See also 
speeifie type and Enzyme substrates 
in digestion, 596-599, 597/ PEx-120 to 
PEx-130, PEx-120/ 

Enzyme assay, PEx-121, PEx-123 
Enzyme-linked immunosorbent assay 
(ELISA), 531, PEx-182 
direet, PEx-182, PEx-184 
indireet, PEx-181 to PEx-184, 

PEx-182, PEx-184 
Enzyme substrates, 596 
speeifieity of, 596 
amylase, PEx-123 to PEx-125 
Eosinophil(s), 425/ 426?, 427/ 428, 428/ 
Ependymal eells, 254, 254/ 

Epicardium (viseeral layer/pericardium), 
7/ 445/ 446, 449 

Epieondyle (bone marking), 112?. See 
also Lateral epieondyle; Medial 
epieondyle 

Epieranial aponeurosis, 200?, 201/ 681 
Epicranius muscle, 197, 198/ 199/ 200?, 
201/681,681/ 

Epidermal dendritie eells (Langerhans’ 
eells), 95/ 96 

Epidermal ridges (fingerprints), 96, 

100 - 102 , 101 / 

Epidermis, 94, 94-96, 94/ 95/ 99/ 
Epididymis, 630/ 631, 631/ 633, 634/ 
Epidural spaee, 310/ 

Epigastrie region, 8, 9/ 

Epiglottis, 538, 539/ 540/ 577/ 
Epimysium, 188, 189/ 

Epinephrine, 408, 520, PEx-98 
heart rate and, 518, PEx-98 to PEx-99 
Epineurium, 260, 260/ 

Epiphyseal lines, 110, 111/ 

Epiphyseal (growth) plate, 110, 111, 114 
Epiphysis, 110, 111/ 

Epiploie appendages, 583/ 584 
Epithalamus, 276/ 280/ 282 
Epithelial eells, eheek, 34, 34/ 

Epithelial tissues/epithelium, 68-75, 68/ 
69/ 70-73/. See also speeifie type 
Epitopes (antigenie determinants), 531, 
531/ PEx-178, PEx-178/ 
Eponychium, 97, 97/ 

Equator (spindle), 47/ 

Equilibrium (balanee), 389-392, 390/ 
391/. See also Ear 
Equilibrium (solution), PEx-3 
ER. See Endoplasmie reticulum 
Ereetion, 632 

Ereetor spinae nmseles, 210/ 210?, 683, 
684/ 

ERV. See Expiratory reserve volume 
Erythroeyte(s) (red blood cells/RBCs), 
81/ 424, 425/ 426?, 427-428, 427/ 
in hematoerit, PEx-161, PEx-162 
settling of (ESR), PEx-161, PEx-161 to 
PEx-162, PEx-164 to PEx-165 
in urine (hematuria), 623 
Erythroeyte (red blood eell) antigens, 
blood typing and, 434, 434?, 435/ 
PEx-162, PEx-167, PEx-168? 
Erythroeyte (red blood eell) count, total, 
429 

Erythroeyte sedimentation rate (ESR), 
PEx-161, PEx-161 to PEx-162, 
PEx-164 to PEx-165 
Erythropoietin, PEx-161 
Esophageal arteries, 474 
Esophagus, 18, 72/ 575/ 577, 577/ 

ESR. See Erythroeyte sedimentation rate 
Estrogen(s), 408, 636, PEx-67 
adrenal, 408 

bone density and, PEx-67, 

PEx-68 

in menstraal eyele, 651, 652/ 
in ovarian eyele, 650 
Estrogen (hormone) replaeement therapy, 
PEx-67 to PEx-69 
ESV. See End systolie vohime 
Ether, nerve function affeeted by, 269 
Ethmoidal air eells (shmses), 124/ 129, 
129/ 538 

Ethmoid bone, 121/ 123/ 124/ 125/ 
126-127,126/ 128/ 


Eustachian tube. See Pharyngotympanie 
(auditory/eustachian) tube 
Eversion (body movement), 174, 175/ 
Excitability, neuron, 266, 266/ 
Excitation-contraction coupling, PEx-18 
Excitatory postsynaptie potential, PEx-51 
Excretion, by kidneys, PEx-131, 

PEx-135 

Exercise 

blood pressure/heart rate affeeted by, 
500 

breathing during, PEx-106, PEx-109, 
PEx-111 

ECG affeeted by, 461, 463-464, 464/ 
465-466 

metabolie aeidosis and, PEx-154 
Exocrine glands, 61/ 69 
Exocytosis, 42/ 61, 61/ 

Expiration, 550, 551/ PEx-106, 

PEx-107 

Expiratory eapaeity (EC), 559/ 

Expiratory muscles, 206?, 207/ 

Expiratory reserve volume (ERV), 552, 
552/ 554, 555-556, 556, 559/ 

PEx-107 

Extension (body movement), 173, 174/ 
Extensor earpi radialis brevis muscle, 
214?, 215/ 

Extensor earpi radialis longus muscle, 

199/213/214?, 215/ 

Extensor earpi ulnaris muscle, 199/ 214?, 
215/ 

Extensor digiti minimi, 215/ 

Extensor digitoram brevis muscle, 221/ 
Extensor digitoram longus muscle, 196/ 
198/ 220?, 221/ 692/ 694 
Extensor digitoram muscle, 199/ 211, 
214?, 215/ 690, 690/ 

Extensor hallucis brevis muscle, 221/ 
Extensor hallucis longus muscle, 220?, 
221/ 692/ 694 
Extensor indieis muscle, 215/ 

Extensor pollieis longus and brevis 
nmseles, 214?, 215/ 690, 690/ 
Extensor retinacula, superior and inferior, 
221 / 

Extemal/superficial (term), 4 
Extemal acoustic (auditory) meatus/canal, 
120, 121/ 122/ 384, 384/ 680/ 681 
Extemal anal sphineter, 583, 583/ 
Extemal earotid artery, 472, 473/ 682 
pulse at, 682 

Extemal (outer) ear, 384, 384/ 
eartilage in, 80/ 109/ 

Extemal genitalia, of female (vulva), 

634, 634/ 

Extemal iliae artery, 476, 477/ 

Extemal iliae vein, 477, 479/ 480/ 
Extemal intereostal muscles, 206?, 207/ 
550, PEx-106, PEx-107 
Extemal jugular vein, 479, 480/ 481/ 
682, 683/ 

Extemal oblique muscle, 198/ 206?, 207/ 
208/ 686 

Extemal oeeipital erest, 122/ 125, 125/ 
Extemal oeeipital protuberance, 122/ 

125, 125/ 130, 680/ 681 
Extemal os, 635/ 

Extemal respiration, 538, PEx-106/ 
Extemal urethral orifiee, 21/ 611/ 612, 
630/ 631/ 634/ 635/ 

Extemal urethral sphineter, 611/ 615 
Exteroceptors, 350 
Extracellular matrix, 74/ 75, 79/ 

80/ 82 

Extrafusal fibers, 351/ 

Extrasystoles, 516/ 517, PEx-95 
Extrinsic eye muscles, 360, 361/ 365/ 
reflex aetivity of, 375 
Eye, 359-363. See also under Visual and 
Vision 

cow/sheep, disseetion of, 364, 365/ 
emmetropie, 372, 373/ 
external anatomy/aeeessory structures 
of, 359-360, 360/ 361/ 
extrinsic muscles of, 360, 361/ 365/ 
reflex aetivity of, 375 
hyperopie, 372, 373/ 
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internal anatomy of, 360-363, 362/, 
363/ 

myopie, 372, 373/ 
ophthalmoseopie examination of, 
375-377, 376/ 377/ 
retinal anatomy and, 363/ 364 
Eyelashes, 360, 360/ 

Eyelids (palpebrae), 360, 360/ 

Eye nmseles 

extrinsic, 360, 361/ 365/ 
intrinsie, 361 
reflex aetivity of, 375 
Eyepiece/ocular (mieroseope), 28, 29/ 
Eye reflexes, 375 
Eye teeth (eanines), 584, 584/ 

Faee. See also under Faeìal 
bones of, 108/ 120, 121/ 125-126/ 
127-128, 127/ 128/ 
muscles of, 198/ 200í, 201/ 681 
surface structures of, 681, 681/ 

Faeet (bone marking), 112í 
Faeial artery, 472, 473/ 680/ 681 
pulse at, 495, 495/ 680/ 

Faeialbones, 108/ 120, 121/ 

125-126/ 127-128, 127/ 128/ 

See also speeifie bone 
Faeial expression, muscles eontrolling, 
198/ 200t, 201/ 681 
Faeial nerve (eranial nerve VII), 286í, 

288, 288/ 289/ 399 
Faeial vein, 479, 480/ 

Faeilitated diffusion, 55, PEx-3, PEx-6 to 
PEx-8, PEx-140 

Faleiform ligament, 20/ 580/ 586, 586/ 
Fallopian (uterine) tubes, 22, 22/ 635/ 
636, 637/ 

“False negative,” PEx-178 
False pelvis, 153 
“False positive,” PEx-178 
False ribs, 135/ 136 
False voeal eords (vestibular folds), 539, 
539/ 540/ 

Falx eerebelli, 282, 283/ 

Falx eerebri, 282, 283/ 

Farsightedness (hyperopia), 372, 373/ 
Faseia 
deep, 188 
renal, 611 

superficial (hypodermis), 94, 94/ 
Faseiele(s) 
mmele, 188, 189/ 
muscle name and, 196/ 197 
nerve, 260, 260/ 

Fast ealeimn ehannels, automaticity and, 512 
Fasting plasma ghieose, PEx-65, 

PEx-66 to PEx-67 
Fat (adipose tissue), 75, 77/ 82, 94/ 

Fat eells, 74/ 77/ 82 
Fat digestion, 597/ 599-601, PEx-127 to 
PEx-128 

Fatigue, mmele, 240, 241, PEx-25 to 
PEx-26 
inducing, 240 

measurement of, 244-248, 244/ 245/ 
246/ 247/ 

Fatty aeids, PEx-127 
Fauces 

isthmus of, 539/ 
of uterine tube, 635/ 

Feedbaek meehanisms 
negative, PEx-60 
thyroid hormone seeretion and, 
PEx-61 

positive, PEx-60 
Feet. See Foot 
Female 

pelvis in, male pelvis eompared with, 
153, 155í 

reproductive system in, 16í, 21, 21/ 22, 
22/ 634-637, 634/ 635/ 636/ 637/ 
urinary system in, 610/611/ 

X ehromosome and, 669-670 
Femoral (term), 2, 3/ 

Femoral arteries, 476, 477/ 693 
circumflex, 476, 477/ 
deep (deep artery of thigh), 476, 477/ 
pulse at, 495, 495/ 693 


Femoral cutaneous nerve, 316-317, 316/ 
317/ 317f, 318? 

Femoral nerve, 316-317, 316/ 317?, 318? 
Femoral triangle, 691/ 692/ 693 
Femoral vein, 477, 479/ 693 
Femoropatellar joint, 171?, 176 
Femur, 108/ 156, 692/ 693. See also 
Thigh 

ligament of head of (ligamentum teres), 
176, 176/ 

Fertilization, 658, 659/. See also Zygote 
Fertilization membrane, 648, 658 
Fetal circulation, 482-484, 483/ 

Fetal skull, 136-137, 137/ 

Fetus, 660, 661-662 
circulation in, 482-484, 483/ 

FEV | /FEV, (foreed expiratory volume), 
557-559, 558/ PEx-107 
Fibers (muscle). See Muscle fibers 
Fibrillation, 460 
Fibrin/fibrin mesh, 433/ 434 
Fibrinogen, 433/ 434 
Fibroblast(s), 74/ 75, 76/ 78/ 79/ 
Fibroeartilage, 80/ 109/ 110 
Fibrorn capsule of kidney, 610/ 611, 

612, 612/ 

Fibrous joints, 168/ 169, 170-171? 
Fibrorn layer of eye, 360-361, 362/ 
Fibrom layer of synovial joint, 171 
Fibrom pericardium, 446 
Fibrous sheath of hair, 98, 98/ 

Fibula, 108/ 157, 157/ 692/ 693 
Fibular (term), 2, 3/ 

Fibular artery, 476, 477/ 

Fibular eollateral ligament, 

177/ 178 

Fibularis (peronem) brevis muscle, 220?, 
221/ 223/ 

Fibularis (peroneus) longus muscle, 198/ 
199/ 220?, 221/ 223/ 

Fibularis (peronem) tertius muscle, 220?, 

221 / 

Fibular nerves, eommon, 317-318, 317/ 
318?, 693 

Fibular retinaculum, 221/ 

Fibular vein, 477, 479/ 

Field (mieroseope), 30, 32-33, 32? 

Field (visual), 374-375, 374/ 

Filter switch (ophthalmoseope), 

376, 376/ 

Filtrate, PEx-ll, PEx-133, PEx-135 
Filtrate pressure, PEx-135 
Filtration, 54, 60, 613, PEx-3, PEx-3 to 
PEx-4, PEx-ll to PEx-13 
glomemlar, 613, PEx-131, PEx-132 
arteriole radius affeeting, PEx-132 to 
PEx-135, PEx-137 to PEx-139 
pressure affeeting, PEx-135 to 
PEx-137, PEx-137 to PEx-139 
Filum terminale, 308, 309/ 

Fimbriae, 635/ 636 

Fine adjmtment knob (mieroseope), 

28, 29/ 

Finger(s) 

bones of (phalanges), 108/ 151-152, 
152/ 

joints of, 170? 

mmeles of/muscles aeting on, 211, 
213-215/ 213-214?, 688-689, 689/ 
Finger hair, genotype/phenotype and, 

671, 672/ 

Fingerprints (epidermal ridges), 96, 

100 - 102 , 101 / 

First heart sound (Sl), 492, 493/ 

First polar body, 648, 649/ 650 
Fissure(s) (bone marking), 112? 

Fissure(s) (eerebral), 277, 277/ 

Fixators (fixation muscles), 196 
Flare, meehanieal stimulation of blood 
vessels causing, 504 
Flat bones, 110 

Flexion (body movement), 173, 174/ 
plantar, 174, 175/ 

Flexion ereases, 690, 690/ 

Flexor earpi radialis muscle, 198/ 213/ 
213?, 689, 689/ 

Flexor earpi ulnaris muscle, 199/ 213/ 
214?, 215/ 689, 689/ 


Flexor digitomm longm muscle, 223/ 
224/ 224? 

Flexor digitomm profundus muscle, 

213/ 214? 

Flexor digitomm superficialis muscle, 
213/ 214?, 689/ 

Flexor hallucis longm muscle, 221/ 223/ 
224/ 224? 

Flexor pollieis longus muscle, 213/214? 
Flexor reflex, 336/ 337 
Flexor retinaculum, 213/ 

Floating (vertebral) ribs, 135/ 136 
Flocculonodular lobe, 282 
Floor, of orbit, 128/ 

Flower spray endings, 351/ 

Fluid-phase endoeytosis (pinoeytosis), 

61, 61/ 

Fluorescent antibody technique, direet, 
PEx-178 to PEx-180 
Flushing of skin, loeal metabolites and, 
502-503 

Foliate papillae, 399, 399/ 400/ 
Folliele(s) 

hair, 94/ 98, 98/ 99/ 
lymphoid, 528/ 

ovarian, 636, 649, 649/ 650, 650/ 
651,652/ 

thyroid gland, 409, 409/ 410 
of tonsils, 529, 530/ 

Folliele eells, ovarian, 649, 649/ 
Follicle-stimulating hormone (FSH), 406, 
407/ PEx-67 

oogenesis/ovarian/menstmal eyeles 
affeeted by, 418, 650, 652/ 
in spermatogenesis, 647, 648 
Fontanelles, 136, 137/ 

Food, digestion of, 595-608, 597/ 
PEx-119 to PEx-130 
ehemieal (enzymatie aetion), 

596-599, 597/ PEx-120 to 
PEx-130, PEx-120/ 
physieal (food propulsion/mixing), 
602-603, 602/ 603/ 

Foot. See also Fower limb 
arehes of, 157, 158/ 
bones of, 157, 158/ 
movements of, 174, 175/ 
mmeles aeting on, 220?, 221/ 

222-224?, 223-224/ 
surface anatomy of, 3/ 158, 692/ 
693-694 
Footdrop, 318 
Foot proeesses, 613 
Foramen (bone marking), 112? 

Foramen laeemm, 120, 122/ 123/ 
Foramen magnum, 120, 122/ 123/ 
Foramen ovale (fetal heart), 451, 482, 
483/ 484 

Foramen ovale (skull), 122/ 123/ 124/ 

126 

Foramen rotundum, 123/ 124/ 126 
Foramen spinosum, 122/ 123/ 124/ 

Foree 

muscle, PEx-17, PEx-20 
muscle eontraetion, PEx-20 
Foreed expiratory volume (FEV /FEV]), 
557-559, 558/ PEx-107 
Foreed vital eapaeity (FVC), 557-559, 
558/ PEx-107 
Foree transducer, PEx-17 
Forearm. See also Upper limb 
bones of, 150-151, 151/ 
foree measurement/fatigue and, 
244-248, 244/ 245/ 246/ 247/ 
mmeles of/mmeles eontrolling, 198/ 
199/ 211, 212/ 212?, 213-215/ 
213-214?, 688-689, 689/ 
surface anatomy of, 152, 688-690, 689/ 
Forebrain (proseneephalon), 276, 276/ 
Foreskin (prepuce), 630/ 631/ 632 
Formed elements of blood, 424-425, 424, 
425/ 426-429, 426?, 427/ 428/. See 
also Blood eells 
blood viseosity and, PEx-78 
Fomix (eerebral), 279, 280/ 290-291, 

291/ 292/ 

Fornix (vaginal), 635/ 

Fossa (bone marking), 112? 


Fossa ovalis, 445/ 451, 452/ 483/ 484 
Fourth ventriele, 276/ 280/ 284/ 291/ 
Fovea eapitis, 156, 156/ 176 
Fovea eentralis, 362, 362/ 

FPG. See Fasting plasma glucose 
Frank-Starling law of the heart, PEx-84 
FRC. See Functional residual eapaeity 
Freekle(s), 95 

genotype/phenotype and, 671, 672/ 

Free edge of nail, 97, 97/ 

Free nerve endings, 94/ 96, 97, 350/ 351 
Frequency (stirmilm), PEx-22, 

PEx-24, PEx-25 
muscle eontraetion affeeted by, 

239-240, 239/ PEx-22 to PEx-23 
tetanus and, 239/ 240, PEx-24, 

PEx-25, PEx-94 

Frequency of breathing, PEx-106 
Frequency range of hearing, testing, 388 
Frietion ridges (fingerprints), 96, 

100 - 102 , 101 / 

Frog 

eardiae anatomy in, 513, 513/ 
cardiovascular physiology in, 

511-524, PEx-93 to PEx-104 
gastrocnemius muscle in 
eontraetion of, 236-241, 236/ 237/ 
238/ 239/ 

disseetion of, 237/ 238, 267-268, 
267/ 

as poikilothermie animal, PEx-97 
seiatie nerve in 
disseetion of, 267-268, 267/ 
inhibiting, 268-270 
stimulating, 268, 270-271, 270/ 271/ 
Frontal (term), 2, 3/ 

Frontal belly of epicranius muscle, 197, 
198/ 200?, 201/ 681, 681/ 

Frontal bone, 120, 121/ 123/ 125/ 126/ 
128/ 

in fetal skull, 137/ 

Frontal (anterior) fontanelle, 137, 137/ 
Frontal lobe, 277, 277/ 279/ 

Frontal (eoronal) plane/seetion, 4, 5/ 6/ 
Frontal proeess, of maxilla, 127/ 128/ 
Frontal sinmes, 129, 129/ 538, 539/ 
Frontonasal suture, 125/ 

FSH. See Follicle-stimulating hormone 
Functional layer (stratum functionalis) 
(endometrium), 636 

Functional residual eapaeity, 552/ 559/ 
Functional syneytmm, myocardium as, 

458 

Fundus 

of eye, 362 

ophthalmoseopie examination of, 
375-377,376/ 377/ 
of stomaeh, 577, 578/ 
of uterus, 634, 635/ 

Fmrgiform papillae, 399, 399/ 

Funiculi (dorsal/lateral/ventral), 310, 
310/312/ 

“Funny bone.” See Medial epieondyle 
Fmed (eomplete) tetanus, 239/ 240, 
PEx-24, PEx-25, PEx-94 
Fusiform fascicles/muscles, 196/ 

Fusion frequency (tetanus), PEx-24 to 
PEx-25, PEx-25, PEx-94 
FVC (foreed vital eapaeity), 557-559, 
558/ PEx-107 

Gag reflex, 340 

Gallbladder, 575/ 586, 586/ 587/ 686 
Galvanie skin potential (GSP), 326 
Galvanie skin resistanee (GSR), 326, 327/ 
Galvanie skin response, 326-332, 327/ 
328/ 329/ 330/ 

Gametes, 630, 646 
meiosis in production of, 45, 646 
Gametogenesis, 646 
oogenesis, 648-651, 649, 649/ 
spermatogenesis, 647-648, 647/ 648/ 
Gamma globulins, 530 
Ganglia (ganglion), 254 
basal (basal nuclei), 276/ 279 
dorsal root, 257-258, 258/ 259/ 
terminal (intrarmrral), 324 
Ganglion eells, of retina, 363/ 364 
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Gas exchange, 541, 541/, PEx-105, 
PEx-106, PEx-106/ 
external respiration, 538, PEx-106/ 
intemal respiration, 538, PEx-106/ 
Gastrie arteries, 474, 475/ 

Gastrie glands, 577, 579, 579/ 

PEx-120/ PEx-125 
Gastrie lipase, 597/ PEx-127 
Gastrie pits, 578/ 579, 579/ 

Gastrie veins, 484, 484/ 

Gastrocnemius muscle, 198/ 199/ 219/ 
221/ 222, 222?, 223/ 693, 693/ 
in frog 

eontraetion of, 236-241, 236/ 237/ 
238/ 239/ 

disseetion of, 237/ 238 
Gastroduodenal artery, 474, 475/ 
Gastroepiploie arteries, 474-475, 475/ 
Gastroepiploie vein, 484/ 
Gastroesophageal junction, 579, 579/ 
Gastroesophageal sphineter, 577 
Gastrointestinal (GI) traet (alimentary 
eanal), 574, PEx-119, PEx-120/ 

See also speeifie organ 
histology of, 574, 576/ 

Gastmla, 658, 659 
Gastmlation, 658 
Gated ehannels, PEx-36 
voltage-gated potassium ehannels, 
refraetory periods and, PEx-44 
voltage-gated sodium ehannels, 

PEx-42 to PEx-44 
refraetory periods and, PEx-44 
Gel eleetrophoresis, PEx-184 
hemoglobin phenotyping using, 
672-673, 673/ 

Gender, sex ehromosomes determining, 
669-670 

Gene(s), 668. See also Inheritanee 
dominant, 668 
reeessive, 668 

General sensation, 349-358, 350. See also 
under Sensory 

Geneties, 667-678. See also Inheritanee 
Geniculate body, lateral, 364, 366/ 
Genitalia, external, of female (vulva), 

634, 634/ 

Genitofemoral nerve, 316/ 317/ 
Genotype, 668 

phenotype in determination of, 

671-672, 672/ 672? 

Germinal eenters 
lymph node, 528/ 529 
of tonsils, 529, 530/ 

Germinal epithelium, 650/ 651 
Germ layer, primary, 658, 660/ 

GH. See Growth hormone 
Gigantism, 406 

Gingiva (gums), 576/ 585, 585/ 

Gingival sulcus, 585, 585/ 

Glabella, 120, 125/ 

Gland(s). See also speeifie type 
epithelial eells forming, 69, 69/ 

Glans penis, 630/ 631/ 632 
Glassy membrane, 98, 98/ 

Glaucoma, 363 
Glenohumeral j oint, 170/, 178 
Glenohmneral ligaments, 178, 179/ 
Glenoid eavity, 148, 149/ 179/ 

Glenoid labram, 178, 179/ 

Glial eells (neuroglia), 82, 82/ 254, 

254/ 

myelination and, 254, 254/ 256-257, 
PEx-48 

Globus pallidus, 280, 281/ 

Glomeralar eapillaries, 613, 614/ 615/ 

PEx-133, PEx-135 

Glomeralar eapillary pressure, PEx-133, 
PEx-135,PEx-137 
glomeralar filtration and, PEx-135 to 
PEx-137, PEx-137 to PEx-139 
Glomeralar (Bowman’s) capsule, 613, 
614/ 615/ PEx-131, PEx-132/ 
PEx-133, PEx-135, PEx-137 
Glomeralar filtration, 613, PEx-131, 
PEx-132 

arteriole radius affeeting, PEx-132 to 
PEx-135, PEx-137 to PEx-139 


pressure affeeting, PEx-135 to 
PEx-137, PEx-137 to PEx-139 
Glomeralar filtration rate, PEx-133, 
PEx-135, PEx-137. See also 
Glomeralar fìltration 
Glomerulus (glomerali), 613, 614/ 615/ 
PEx-131, PEx-132/ PEx-132 to 
PEx-133, PEx-135, PEx-137 
Glossopharyngeal nerve (eranial nerve 
IX), 287 1, 288, 288/ 289/ 399 
Glottis, 539 

Glucagon, 408, PEx-64 
Ghieoeortieoids, 408 
Glucose, PEx-64 to PEx-67 
in diabetes mellitus, 408 
plasma, PEx-64 to PEx-67 
fasting levels of, PEx-65, PEx-66 to 
PEx-67 

transport/reabsorption of, earrier 
proteins and, 55, PEx-6 to PEx-8, 
PEx-140 to PEx-142 
in urine (glycosuria), 622, 624 
Glucose earrier proteins, 55, PEx-6 to 
PEx-8, PEx-140 to PEx-142. 

See also Carrier proteins 
Glucose standard curve, PEx-65 
developing, PEx-65 to PEx-66 
Gluteal (term), 2, 3/ 

Gluteal arteries, 476, 477/ 

Gluteal (natal) eleft, 690, 691/ 

Gluteal fold, 690, 691/ 

Gluteal lines, anterior/posterior/inferior, 
154/ 

Gluteal nerves, 317/ 318/ 

Ghiteal prominenees, 690 
Gluteal region, 690-693, 691/ 
for intramuscular injeetion, 691-693, 
691/ 

Gluteal tuberosity, 156, 156/ 

Gluteus maximus muscle, 199/ 218/, 
219/ 222, 690, 691/ 

Gluteus medius muscle, 199/ 218/, 219/ 
691, 691/ 

for intramuscular injeetion, 691, 691/ 
Gluteus minimus muscle, 218/ 
Glycosuria, 622, 624 
Goblet eells, 71/ 
large intestine, 71/ 582/ 
small intestine, 581/ 

Goiter, 419, PEx-60 
Golgi apparatus, 42/ 43, 43 1 
Gomphosis, 169 

Gonad(s), 408, 630. See also Ovary; 
Testis 

Gonadal arteries, 475, 475/ 

Gonadal veins, 477, 480/ 
Gonadoeortieoids (sex hormones), 408 
Gonadotropins, 406, 418 
ovarian/menstraal eyeles affeeted by, 
418, 650, 652/ 
gp41, PEx-185í 
gpl20, PEx-185, PEx-185t 
gpl60, PEx-185, PEx-185t 
Graeilis muscle, 198/ 216/, 217/219/ 
Graded depolarization, PEx-18 
Graded muscle response (graded 
eontraetions), 238, 241, 244 
stimulus frequency inereases and, 
239-240, 239/ 

stimulus intensity inereases and, 
238-239 

Graded potentials, PEx-39 
Gradient, PEx-3 

Granular (juxtaglomerular) eells, 613, 
615/ 

Granulocytes, 426/ 428 
Gramilosa eells, 649, 650/ 658 
Graves’ disease, 419 
Gray commissure, 308, 310/ 

Gray matter 

eerebellar, 279, 282, 282/ 
eerebral (eerebral cortex), 276/ 277/ 
278, 279, 281/ 
of spinal eord, 308, 310/ 

Gray ramus communicans, 324, 325/ 
Great eardiae vein, 444/ 445/ 448, 448/ 
Greater auricular nerve, 313/ 315f 
Greater curvature of stomaeh, 577, 578/ 


Greater omentum, 18, 20/ 577, 580/ 
Greater seiatie noteh, 153, 154/ 

Greater troehanter, 156, 156/ 158, 690, 
691/ 

Greater tubercle, 148, 150/ 687, 687/ 
Greater vestibular glands, 634, 634/ 635/ 
Greater wings of sphenoid, 121/ 122/ 
123/ 124/ 125/ 126, 128/ 130 
Great saphenous vein, 477, 479/ 694 
Groove (bone marking), 112? 

Gross anatomy, 1 

Ground substance, 74/ 75, 76/ 

Growth (ossifieation) eenters, in fetal 
skull, 137, 137/ 

Growth hormone (GH), 406, 407/ 

Growth (epiphyseal) plate, 110, 111, 114 
GSP. See Galvanie skin potential 
GSR. See Galvanie skin resistanee 
Gums (gingiva), 576/ 585, 585/ 
Gmtatory cortex, 278/ 399 
Gmtatory epithelial eells, 399, 399/ 
Gmtatory hairs, 399, 399/ 

Gyri (gyras), 277, 277/ 

Hair(s), 97-98, 98/ 

Hair bulb, 97-98, 98/ 

Haireells, 386, 386/ 
in equilibrium, 390, 391/ 
in hearing, 386, 386/ 387 
Hair folliele, 94/ 98, 98/ 99/ 

Hair folliele reeeptor (root hair plexus), 
94/ 97, 350/ 351 
Hair matrix, 98/ 

Hair papilla, 98, 98/ 

Hair root, 94/ 97, 98/ 

Hair shaft, 94/ 97, 98/ 99/ 

Hallux (term), 2, 3/ 

Hamate, 151, 152/ 

Hammer (malleus), 384/ 385 
Hamstring muscles, 199/ 218-219?, 

693, 693/ 

Hand, 2, 3/. See also Upper limb 
bones of, 151-152, 152/ 
forearm mmeles aeting on, 

213-215/ 213-214?, 688-689, 689/ 
surface anatomy of, 3/ 152, 

689-690, 690/ 

Hand dynamometer, 244, 244/ 245, 245/ 
Handheld dry spirometers, 

552, 552/ 

Haploid (n) ehromosomal number, 

646, 668 

Hard palate, 122/ 538, 539/ 575, 576/ 
577/ 

Harvard step test, 500 
Hamtra, 583/ 584 

Haversian (eentral) eanal, 81/ 113/ 114 

Haversian system (osteon), 113/ 114 

Hb. See Hemoglobin 

HC0 3 “. See Biearbonate 

HDL. See High-density lipoprotein 

Head 

arteries of, 472, 473/ 
mmeles of, 197, 198/ 200-202?, 
201 - 202 / 

surface anatomy of, 680-682, 680/ 
681/ 

veins of, 478-479, 480/ 

Head of bone, 112? 
femur, 156/ 
ligament of, 176, 176/ 
fibula, 157/ 692/ 693 
humerus, 148, 150/ 
metaearpals, 151 

radim, 150, 150/ 151/ 688, 688/ 
ulna, 151, 151/ 688, 688/ 689/ 

Head (mieroseope), 28, 29/ 

Head of sperm, 648, 648/ 

Hearing, 386-389, 387/ 388/. See also 
Ear 

eortieal areas in, 278, 278/ 387 
Hearing loss, testing for, 388, 388/ 

Heart, 18, 19/ 444, 684, PEx-82. See also 
under Cardiac 

anatomy of, 443-456, 444/ 444-445/ 
in frog, 513, 513/ 
gross (human), 444-446, 444/ 

444_445/ 


mieroseopie (eardiae muscle), 83, 

84/ 449, 449/ 

in sheep, 449-452, 450/ 452/ 
blood supply of, 446-449, 448/ 
ehambers of, 446 
conduction system of, 458, 458/ 
disturbances of, 519 
in frog, 513-519, 514/ 515/ 516/ 
eontraetility of, PEx-84 
ECG in study of, 458-466, 459/ 459?, 
460/ 462/ 463/ 464/ 465/ 
epinephrine affeeting, 518, PEx-98, 
PEx-98 to PEx-99 

fibrom skeleton of (eardiae skeleton), 
446, 447/ 

Frank-Starling law of, PEx-84 
in frog 

anatomy of, 513, 513/ 
baseline aetivity of, 513-519, 514/ 
515/516/ 

physiology of, 511-524 
loeation of, 444, 444/ 684 
nervom stirmilation of, 458, PEx-95 
to PEx-96 

physiology of, PEx-93 to PEx-104 
in frog, 511-524 
in human, 491-510 
pumping aetivity of, PEx-82 
vessel radius affeeting, PEx-82 to 
PEx-83 

in sheep, disseetion of, 449-452, 450/ 
452/ 

valves of, 445/ 446, 447/ PEx-86 
murmurs and, 492 
Heart bloek, 519 

Heartburn, referred pain and, 354 
Heart murmurs, 492 
Heart rate, 460, 495. See also Pulse 
in eardiae output, PEx-82, PEx-84 
faetors affeeting, 500-501, 517-519 
ehemieal modifiers, PEx-98 to 
PEx-99 

epinephrine, PEx-98, PEx-98 to 
PEx-99 

ions affeeting, PEx-99 to PEx-101, 
PEx-100? 

temperature affeeting, PEx-96 to 
PEx-98 

Heart sounds, 492-494, 493/ 494/ 

Heat, bone affeeted by, 111-112 
Heat reeeptors, 352, PEx-40 
Heavy ehains, immunoglobulin, 530, 531/ 
Heel bone (ealeanem), 108/ 157, 158, 
158/ 

Helix of ear, 384/ 680/ 681 
Helper T eells, 529 
Hematoerit, 430-431, 431/ PEx-76, 
PEx-161, PEx-162 to PEx-164 
Hematologie tests, 429-436, 430/ 431/ 
432/ 433/ 434?, 435/ 

PEx-161 to PEx-176. See also 
speeifie test 

Hematopoietie tissue, 75 
Hematmia, 623 
Heme, PEx-166 
Hemiazygos vein, 479, 481/ 
Hemoeytoblast, 428/ 

Hemoglobin, 431, PEx-161, PEx-162, 
PEx-165 to PEx-167, PEx-166 
normal, eleetrophoresis in identifieation 
of, 672-673, 673/ 
siekle eell, 669 

eleetrophoresis in identifieation of, 
672-673, 673/ 

in urine (hemoglobinmia), 623, 624 
Hemoglobin eoneentration, 431-433, 

432/ 

Hemoglobinometer, 432-433, 432/ 

PEx-166 

Hemoglobin phenotype, 672-673 
Hemoglobinmia, 623, 624 
Hemolysis, 59/ 60 
Hemophilia, inheritanee of, 670 
Hemostasis, 433-434, 433/ 

Henle, loop of (nephron loop), 613, 614/ 
PEx-131, PEx-132/ 

Hepatie artery, 587 
eommon, 474, 475/ 
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Hepatie artery proper, 474, 475/ 

Hepatie duct, eommon, 586, 587/ 

Hepatie (right eolie) flexure, 583, 583/ 
Hepatie (stellate) maerophages, 587, 588/ 
Hepatie portal circulation, 484, 484/ 
Hepatie portal vein, 477-478, 484, 484/ 
587 

Hepatie veins, 477-478, 480/ 484/ 586/ 
587 

Hepatitis, 587 

Hepatoeytes (liver eells), 587, 588/ 
Hepatopanereatie ampulla, 581, 587/ 
Hepatopanereatie sphineter, 581, 587/ 
Heredity, 667-678. See also Inheritanee 
Hering-Breuer reflex, 562 
Hernia 

inguinal, 686, 686/ 
umbilical, 686 
Herniated dise, 131 
Hertz (Hz), PEx-47 
Heterozygous individual, 668 
High-density lipoprotein (HDL), 436 
High-power lens (mieroseope), 28, 31 
Hilum 

lung, 540, 541, 542/ 
lymph node, 528/ 529 
renal, 610/ 611 
spleen, 529/ 

Hindbrain (rhombeneephalon), 276, 

276/ 282 

Hinge joint, 172/ 173 

Hip bones (coxal bones/ossa coxae), 

153, 154/ 

Hip (pelvie) girdle. See also Hip joint; 
Pelvis 

bones of, 108/ 153, 154/ 155? 
surface anatomy of, 157-158 
Hipjoint, 171í, 176, 176/ 

Hip muscles, 199/ 216 
Hirsutism, 408 

His (atrioventricular/AV) bundle, 458, 
458/ 

Histamine, microcirculation and, 520 
Histology, 68. See also Tissue(s) 

HIV 

ELISA in testing for, 531, PEx-182 to 
PEx-184, PEx-184 
Western blotting in testing for, 

PEx-184 to PEx-186 
HIV antigens, PEx-184, PEx-185? 
Homeostasis, PEx-59 
Homeothermie animals, humans as, 
PEx-60, PEx-97 
Homologous ehromosomes 

(homologues), 646, 646/ 668 
Homozygous individual, 668 
Horizontal eells, retinal, 363/ 

Horizontal plate 
of ethmoid bone, 127 
of palatine bone, 122/ 

Hormone(s), 406, PEx-59. See also 
speeifie hormone and Endoerine 
system/glands 
functions of, 417-422 
metabolism and, PEx-60 to PEx-64 
target organs of, 406 
tropie, 406, PEx-61, PEx-69 
urine formation and, PEx-142 to 
PEx-143 

Hormone replaeement therapy, PEx-67 
to PEx-69 
Horns (cornua) 
hyoidbone, 129, 130/ 
uterine, 21, 21/ 

Human(s) 

cardiovascular physiology in, 491-510 
embryonie developmental stages of, 
658-661, 659/ 660/ 

EMG in, 241-248. See also 
Eleetromyography 
nmsele fatigue in, 241, PEx-25 to 
PEx-26. See also Muscle fatigue 
oogenesis in, 649-651, 649/ 
reflex physiology in, 335-348 
reproductive systems in, 22, 22/. 

See also Reproductive system 
female, 22, 22/ 634-637, 634/ 635/ 
636/ 637/ 


male, 22, 22/ 630-633, 630-631/ 
632/ 633/ 634/ 
torso of, 22, 23/ 

urinary system in, 610/ 611-613, 611/ 
612/ 

Human imrmmodefieieney vims (HIV) 
ELISA in testing for, 531, PEx-182 to 
PEx-184, PEx-184 
Westem blotting in testing for, 

PEx-184 to PEx-186 
Human immunodeficiency vims (HIV) 
antigens, PEx-184, PEx-185? 
Humeral arteries, circumflex, 474, 474/ 
Humerus, 108/ 148-150, 150/ 152, 687, 
687/ 688/ 

muscles of aeting on forearm, 212/ 

212 ? 

Humoral immunity, 529. See also 
Antibodies 

Hyaline eartilage, 79/ 109/ 110, 169/ 

171 

Hydroeephahis, 285 
Hydroehlorie aeid, bone affeeted by, 
111-112 

Hydroeortisone (eortisol), 408, PEx-69 to 
PEx-70, PEx-69? 

Hydrogen ions, in aeid-base balanee, 

564, 564/ 

Hydrolases, 596, PEx-120 

aeid, 43 

Hydrolysis, PEx-125 
of fat, by lipase, 597/ 599-601, 
PEx-127 to PEx-128 
of proteins, by pepsin/trypsin, 597/ 
598-599, PEx-125 to PEx-126 
of stareh, by salivary amylase, 

596-598, 597/ PEx-121 to 
PEx-123 

Hydrolysis test, positive/negative, 599 
Hydrostatie pressure, in filtration, 60 
Hymen, 634, 634/ 635/ 

Hyoid bone, 129, 130, 130/ 681, 682/ 
Hypereholesterolemia, PEx-170 
Hypereortisolism (Cushing’s syndrome/ 
Cushing’s disease), 

PEx-69, PEx-69? 

Hyperextension (body movement), 173, 
174/ 

Hyperinsulinism, 408, 418 
Hyperkalemia, 518 
Hyperopia (farsightedness), 

372, 373/ 

Hyperparathyroidism, 408 
Hyperpolarization, PEx-41 
Hyperreaetors, in eold pressor test, 501 
Hyperthermia, PEx-97 
Hyperthyroidism, 408, 419 
Hypertonie solution, 58-59, 59/ PEx-9 
Hyperventilation, aeid-base balanee and, 
564, PEx-150 to PEx-151 
Hypoeholesterolemia, PEx-170 
Hypoehondriae regions, 8 , 9/ 
Hypoeortisolism, PEx-69 
Hypodermis (superficial faseia), 94, 94/ 
Hypogastrie ganglia, inferior, 324 
Hypogastrie (pubic) region, 8, 9/ 
Hypoglossal eanal, 123/ 125 
Hypoglossal nerve (eranial nerve XII), 
287?, 288, 288/ 289/ 313/ 
Hypoglyeemia, 408 
Hyponychium, 97, 97/ 
Hypoparathyroidism, 408 
Hypophyseal fossa, 123/ 124/ 
Hypophyseal portal system, 

407, 407/ 

Hypophyseetomy, PEx-61 
Hypophysis (pituitary gland), 278, 279/ 
280/ 283/, 406-407, 407/ 409/ 
PEx-60/ 

hypothalamus relationship and, 
406-407, 407/ PEx-61 
mieroseopie anatomy of, 410, 410/ 
ovaries affeeted by hormones of, 418 
thyroxine production regulated by, 419, 
419/ PEx-60 
Hypopituitarism, PEx-69? 

Hyporeaetors, in eold pressor test, 501 
Hypotension, orthostatie, 326 


Hypothalamic-pituitary portal system, 

PEx-61 

Hypothalamm, 276/ 280/ 282, 291, 292/ 
409/ PEx-60, PEx-60/ 
pituitary gland relationship and, 
406-407, 407/ PEx-61 
thyroid hormone/TSH production and, 
419, 419/ PEx-60, PEx-61 
Hypothenar eminenee, 690, 690/ 
Hypothermia, PEx-97 
Hypothyroidism, 408, 419 
Hypotonie solution, 59, 59/ PEx-9 
Hypoventilation, aeid-base balanee and, 
564, PEx-151 
Hz. See Hertz 
H zone, 186/ 187/ 

iatrogenie, PEx-69 

Iatrogenie Cushing’s syndrome, 

PEx-69, PEx-69? 

Ibands, 186/ 187, 187/ 

IC. See Inspiratory eapaeity 
ICM. See Inner eell mass 
Identity (antigen), PEx-180 
partial, PEx-180 
Igs. See Immunoglobulin(s) 

IKI assay, PEx-121, PEx-122, 

PEx-123, PEx-124 
Ileoeeeal valve, 581, 583/ 

Ileoeolie artery, 475, 476/ 

Ileum, 575/ 581, 582, 582/ 583/ 

Iliae arteries 

eommon, 475/ 476, 476/ 477/ 
intemal and extemal, 476, 477/ 

Iliae erest, 153, 154/ 157-158, 683, 684/ 
685/ 686 , 691/ 

Iliae fossa, 153, 154/ 

Iliae (inguinal) regions, 8, 9/ 

Iliae spines 

anterior inferior, 153, 154/ 
anterior superior, 153, 154/ 

157-158, 685/ 686 , 686/ 
posterior inferior, 153, 154/ 
posterior superior, 153, 154/ 158, 691, 
691/ 

Iliacus nrnsele, 216?, 217/ 

Iliae veins 

eommon, 477, 479/ 480/ 
external and intemal, 477, 479/ 480/ 
Ilioeostalis muscles, cervicis/lumborum/ 
thoraeis, 210/210? 

Iliofemoral ligament, 176, 176/ 
Iliohypogastrie nerve, 316/ 317? 
Ilioinguinal nerve, 316/ 317? 

Iliopsoas muscle, 198/ 216?, 217/ 
Iliotibial traet, 199/ 219/219? 

Ilium, 108/ 153, 154/ 
in male versus female, 153 
Image(s) (mieroseope), real and virtual, 
29, 30/ 

Image formation, 372-374, 373/ 374/ 
Immune response/imrmmity, 16?, 527-529 
Immune system, 15, 16?. See also 

Imrmme response; Lymphatie system 
Immunoblotting (Western blotting), 
PEx-184 to PEx-186 
Immunocompetent eells, 528 
Immunodefrciency, 529 
Immunoglobulin(s), 529, 530-532, 531/. 

See also Antibodies 
Implantation, 659, 659/ 660/ 

Inborn (intrinsie) reflexes, 336 
reaetion time of, 341-344, 343/ 

Ineisive fossa, 122/ 127 
Ineisors, 584, 584/ 
inehrsions, eytoplasmie, 44 
Ineomplete dominanee, 669 
Ineontinenee, 616 
Incus (anvil), 384/ 385 
Index of physieal frtness, 501 
Indifferent eleetrode, for EEG, 300 
Indireet enzyme-linked imrmmosorbent 
assay (ELISA), PEx-181 to 
PEx-184, PEx-182, PEx-184 
Indireet pathway, 279 
Inferior (term), 3, 4/ 

Inferior angle of scapula, 148, 149/ 683, 
684/ 


Inferior articular proeess/faeet, vertebral, 
132-133, 132, 132/ 133/ 

Inferior colliculi, 279, 280/ 291/ 

Inferior gluteal artery, 476 
Inferior gluteal line, 154/ 

Inferior ghrteal nerve, 317/ 318? 

Inferior horns, 281/ 284/ 

Inferior hypogastrie ganglia, 324 
Inferior mesenterie artery, 475-476, 

475/ 476/ 

Inferior mesenterie ganglia, 324 
Inferior mesenterie vein, 484, 484/ 
Inferior nasal conchae/turbinates, 125/ 
128, 538, 539/ 

Inferior nuchal line, 122/ 125/ 

Inferior oblique muscle of eye, 361/ 
Inferior orbital fissure, 125/ 128/ 

Inferior phrenie vein, 480/ 

Inferior rectus muscle of eye, 361/ 
Inferior vena eava, 20, 21/ 444/ 445/ 
446, 448/ 450/ 480/ 481/ 
veins draining into, 477-478, 479/ 
480/ 481/ 

Inflammation, microcirculation and, 520 
Infraglenoid tubercle, 149/ 

Infrahyoid muscles, 682, 683/ 
Infraorbital foramen, 122/ 125/ 127, 
127/ 128/ 130 
Infraorbital groove, 128/ 

Infraspinatm muscle, 178, 199/ 208?, 
209/ 211, 212/ 

Infraspinous fossa, 148, 149/ 

Infrastemal angle, 684, 685/ 
Infundibulum, 282, 287, 288/ 289/ 291, 
406, 407/ 

of uterine tube, 635/ 

Inguinal (term), 2, 3/ 

Inguinal hemia, 686 , 686/ 

Inguinal ligament, 153, 207/ 208/ 685/ 
686, 686/ 691/ 693 
Inguinal lymph nodes, 526/ 527, 693 
Inguinal (iliae) regions, 8, 9/ 

Inguinal ring, superficial, 686 , 686/ 
Inhaler (asthma), PEx-l 11 
Inheritanee 

dominant-reeessive, 668 
intermediate (ineomplete dominanee), 

669 

rmdtiple-allele, 672 
sex-linked, 669-670 
Inhibition, reeiproeal, 338 
Initial segment, axon, 255/ 256, PEx-41 
Inner eell mass (ICM), 659, 659/ 

Inner ear. See Internal (inner) ear 
Inotropie modifiers, PEx-100 
Insertion (muscle), 173, 173/ 188 
naming muscles and, 197 
Inspiration, 550, 551/ PEx-106, 

PEx-106 to PEx-107 
Inspiratory eapaeity (IC), 552/ 555, 

556/ 559/ 

Inspiratory mmeles, 206?, 207/ 550 
Inspiratory reserve volume (IRV), 552, 
552/ 554, 555, 559/ PEx-107 
Insula, 277 

Insulin, 408, 418, PEx-64 to PEx-67 
hyperseeretion of (hyperinsulinism), 
408,418 

hyposeeretion of, in diabetes mellitm, 
408 

Integration eenter, in reflex are, 336/ 337 
Integumentary system, 16?, 93-107, 94. 

See also Skin 
Interatrial septum, 446 
Interealated dises, 83, 84/ 449, 449/ 
Interearpal joints, 170? 

Intereondylar eminenee, 156, 157/ 
Intereondylar fossa, 156, 156/ 

Intereostal arteries, 474, 474/ 

Intereostal muscles, 198/ 206?, 207/ 
extemal, 206?, 207/ 550, PEx-106, 
PEx-107 

internal, 206?, 207/ PEx-106, 

PEx-107 

Intereostal nerves, 312, 313/ 

Intereostal spaees, 135/ 

Intereostal veins, 481/ 

Interlobar arteries, 612/ 613 



BM-14 


lndex 


Interlobar veins, 612/, 613 
Intermaxillary suture, 122/ 

Intermediate filaments, 42/ 43?, 44 
Intermediate inheritanee (ineomplete 
dominanee), 669 
Intermediate mass (interthalamie 
adhesion), 280/ 291, 291/ 292/ 
Intermediate part of urethra, 611/612, 
630/ 631/ 632 
Internal/deep (term), 4 
Internal acoustic meatus, 120, 123/ 
Internal anal sphineter, 583 
Internal capsule, 280 
Internal earotid artery, 472, 473/ 

Internal (inner) ear, 384/ 385 
equilibrium and, 389-392, 390/ 391/ 
hearing and, 386-389, 387/ 388/ 
Internal iliae artery, 476, 477/ 

Internal iliae vein, 477, 479/ 480/ 
Internal intereostal muscles, 206?, 207/ 
PEx-106, PEx-107 
Internal jugular vein, 478-479, 480/ 
481/ 682, 683/ 

Internal oblique muscle, 198/ 206í, 207/ 
208/ 

Internal os, 635/ 

Internal pudendal artery, 476 
Internal respiration, 538, PEx-106/ 
Internal thoraeie artery, 473/ 474, 474/ 
Internal urethral sphineter, 611/ 615 
Interneurons (assoeiation neurons), 258, 
259/ PEx-35, PEx-50 
in reflex are, 336/ 337, 337/ 
Interoeeptors, 350 
Interossei muscles, 215/ 

Interosseous artery, eommon, 474/ 
Interosseous membrane, 151/ 157/ 
Interphalangeal joints 
of fingers, 170t 
of toes, 17 1? 

Interphase, 45, 46/ 

Interspike interval, PEx-47 
Interstitial endoerine (Leydig) eells, 

633, 648 

Interstitial lamellae, 113/ 114 
Interstitial spaees, nephron, 

PEx-139 

Intertarsal joint, 171? 

Interthalamie adhesion (intermediate 
mass), 280/ 291, 291/ 292/ 
Intertroehanterie erest, 156, 156/ 
Intertroehanterie line, 156, 156/ 
Intertubercular sulcus (bieipital groove), 
150, 150/ 

Interventricular arteries, 444/ 445/ 

447-448 

Interventricular foramen/foramina, 280/ 
283, 284/ 291 

Interventricular septum, 445/ 446, 447/ 
Intervertebral dises, 80/ 109, 109/ 
130-131, 130/ 
herniated, 131 

Intervertebral foramina, 130/ 132 
Intervertebral j oints, 170/ 

Intervillous spaees (lacunae), of plaeenta, 
660/ 662, 662/ 

Intestinal arteries, 475, 476/ 

Intestinal erypts, 581/ 582, 582/ 
Intrafusal fibers, 351/ 352 
Intramural (terminal) ganglion, 324 
Intramuscular injeetions, 687, 691, 691/ 
Intrapleural pressure, PEx-112 to 
PEx-113 

Intrapleural spaee, PEx-112 
Intrapulmonary vohime, 550 
Intrinsie conduction system of heart, 

458, 458/ 

disturbances of, 519 
in frog, 513-519, 514/ 515/ 516/ 
Intrinsie eye muscles, 361 
reflex aetivity of, 375 
Intrinsie nerve plexuses, in alimentary 
eanal, 574, 576/ 

Intrinsie (inborn) reflexes, 336 
reaetion time of, 341-344, 343/ 

In utero development, 661-662 
Inversion (body movement), 174, 175/ 


Invohmtary nervous system. See 
Autonomic nervous system 
Ion(s), PEx-36 
heart rate and, 518, PEx-99 to 
PEx-101,PEx-100? 

Ion ehannels, PEx-36 
Ipsilateral response, 340 
Iris, 361, 362/ 364 

Iris diaphragm lever (mieroseope), 28, 29/ 
Iron defieieney anemia, PEx-162 
Irregular bones, 110 
Irregular eonneetive tissue, 79/ 82 
IRV. See Inspiratory reserve volume 
Isehial ramus, 154/ 

Isehial spine, 153, 154/ 
in male versus female, 153 
Isehial tuberosity, 153, 154/ 690, 691/ 
Isehiofemoral ligament, 176 
Ischium, 108/ 153, 154/ 

Ishihara’s eolor plates, 374 
ISI. See Interspike interval 
Islets of Langerhans (panereatie islets), 
409/ 410 

Isometrie eontraetion, PEx-20, PEx-26 to 
PEx-28, PEx-28 

Isometrie length-tension relationship, 

PEx-27 

Isotonie eoneentrie eontraetion, 

PEx-28 

Isotonie eontraetion, PEx-28 to 
PEx-29 

Isotonie solution, 59, 59/ PEx-9 
Isthmus 
of fauces, 539/ 
of thyroid gland, 407, 682 

Jaundice, 97, 587 
Jejunum, 575/ 581 
JGC. See Juxtaglomerular complex 
JG eells. See Juxtaglomerular (granular) 
eells 

Joint(s), 108, 167-184, 168/ 169, 

170-171?. See also speeifie joint 
articular eartilages in, 109/ 110 
eartilaginom, 168/ 169, 170-171? 
disorders of., 180 
fibrous, 168/ 169, 170-171? 
synovial, 168/ 169-180, 169/ 

170-171?, 172/ 173/ 174-175/ 

Joint eavities. See Synovial eavities 
Jugular foramen, 120, 122/ 123/ 

Jugular noteh, 135, 135/ 148, 682, 682/ 
685 / 

Jugular veins, 478-479, 480/ 481/ 682, 
683/ 

extemal, 479, 480/ 481/ 682, 683/ 
internal, 478-479, 480/ 481/ 682, 683/ 
Juxtaglomerular (granular) eells, 613, 

615/ 

Juxtaglomerular complex, 613 
Juxtamedullary nephrons, 613, 614/ 

Karyotype, 669, 669/ 

Keratin, 95 

Keratinoeytes, 95, 95/ 

Keratohyaline granules, 96 
Ketoaeidosis, PEx-154 
Ketone bodies, in urine (ketonuria), 622, 
623, 624 

Kidney(s), 20, 21/ 610/ 611, 

PEx-131. See also under Renal 
in aeid-base balanee, PEx-150, 
PEx-152to PEx-154 
functional mieroseopie anatomy of, 
613-615, 614/ 615/ 
gross anatomy of, 611, 612-613, 612/ 
physiology of, PEx-131 to PEx-147 
Kidney stones (renal calculi), 622 
Kinetie energy, 54, 54/ PEx-3, 

PEx-4 

Kinetoehore(s), 46/ 

Kinetoehore microtubules, 46/ 
Kinoeilmm, in equilibrium, 391/ 

Knee 

bones of, 156, 156/ 
muscles of/muscles erossing, 216 
surface anatomy of, 692/ 693 
Kneeeap. See Patella 


Knee-jerk (patellar) reflex, 336/ 337, 

337/ 338, 338/ 

Kneejoint, 171?, 176-178, 177/ 

Knuckles (metaearpophalangeal joints), 
151, 152, 170? 

Korotkoff sounds, 498, 498/ 

Kyphosis, 131, 131/ 

Labia (lips), 575 
Labial frenulum, 576/ 

Labia majora, 634, 634/ 635/ 

Labia minora, 634, 634/ 635/ 

Labyrinth, 384/ 385 
bony, 385 
membranous, 385 
Laerimal apparatus, 359-360, 360/ 
Laerimal bone, 121/ 125/ 128, 128/ 
Laerimal canaliculi, 360, 360/ 

Laerimal eamnele, 360, 360/ 

Laerimal fossa, 121/ 128, 681, 681/ 
Laerimal glands, 359-360, 360/ 

Laerimal puncta, 360, 360/ 

Laerimal sae, 360, 360/ 

Laeteals, 581/ 

Lactiferous ducts, 637, 637/ 

Lactiferous sinus, 637, 637/ 

Lacunae 

in bone, 81/ 113/ 114 
in eonneetive tissue matrix, 75, 79/ 80/ 
Lacunae (intervillous spaees), of plaeenta, 
660/ 662, 662/ 

Lambdoid suture, 120, 121/ 125/ 
Lamella(e), 81/113/114 
circumferential, 113/ 114 
eoneentrie, 114 
interstitial, 113/ 

Lamellar (Paeinian) corpuscles (pressure 
reeeptors), 94/ 97, 350/ 351, 

PEx-39, PEx-40 
Lamellar granules, 96 
Lamina(e), vertebral, 131/ 132/ 

Lamina propria, alimentary eanal, 574, 
576/ 

gastrie, 579/ 
large intestine, 582/ 
small intestine, 582/ 

Laminar flow, PEx-76 
Landmarks, anatomieal, 2, 3/ 680. See 
also Surface anatomy 
Langerhans, islets of (panereatie islets), 
409/ 410 

Langerhans’ eells (dendritie eells), 95/ 96 
Large intestine, 18, 20, 20/ 575/ 582/ 
583-584, 583/ 

Laryngeal eartilages, 109, 109/ 538, 

539/ 540/ 

Laryngeal prominenee (Adam’s apple), 
538, 540/ 681, 682/ 

Laryngopharynx, 538, 539/ 577, 577/ 
Larynx, 538, 539/ 540/ 

Latent period 

in isotonie eoneentrie eontraetion, 

PEx-28 

of muscle twitch, 238, 238/ PEx-18 
to PEx-20 
Lateral (term), 3 

Lateral angle of scapula, 148, 149/ 

Lateral apertures, 282, 284/ 

Lateral (axillary) border of scapula, 148, 
149/ 

Lateral commissure (canthus), 360, 360/ 
Lateral eondyle 

of femur, 156, 156/ 158, 692/ 693 
of tibia, 156, 157/ 158, 692/ 693 
Lateral (aeromial) end of elaviele, 148, 
149/ 

Lateral epieondyle 
of femur, 156, 156/ 
of humerus, 150, 150/ 152, 688, 688/ 
Lateral femoral cutaneous nerve, 316/ 
317? 

Lateral funiculus, 310, 310/ 312/ 

Lateral geniculate body, 364, 366/ 

Lateral horn, 308, 310/ 

Lateral ligament (temporomandibular 
joint), 179, 180/ 

Lateral longitudinal areh of foot, 157, 

158/ 


Lateral malleolm, 157, 157/ 158, 692/ 
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Lateral masses, 124/ 127 
Lateral muscle eompartment, lower limb 
mmeles and, 220?, 221/ 223/ 

Lateral patellar retinaculum, 178 
Lateral plantar artery, 476, 477/ 

Lateral plantar vein, 477 

Lateral pterygoid mmele, 202/ 202? 

Lateral rectus mmele of eye, 361/ 

Lateral saeral erest, 134/ 

Lateral sulcus, 277, 277/ 

Lateral supracondylar line, 156/ 

Lateral supracondylar ridge, 150/ 

Lateral thoraeie artery, 474, 474/ 

Lateral ventriele, 276/ 279, 280/ 281, 
281/ 284/ 292/ 

Lateral wall of orbit, 128/ 

Latissimus dorsi muscle, 197, 199/ 208?, 
209/ 212/ 683, 684/ 

LDL. See Low-density lipoprotein 
Leak ehannels, PEx-36 
Leamed (acquired) reflexes, 336 
reaetion time of, 341-344, 343/ 

Left, anatomieal, 8 
Left anterior deseending (anterior 
interventricular) artery, 444/ 

447-448, 448/ 

Left aseending lumbar vein, 479, 480/ 

Left atrium, 444/ 445/ 448/ 
in frog, 513/ 

Left braehioeephalie vein, 478 
Left eolie (splenie) flexure, 

583, 583/ 

Left eommon earotid artery, 472 
Left eoronary artery, 444/ 447, 448/ 472 
Left gastrie artery, 474, 475/ 

Left gastrie vein, 484 

Left gastroepiploie artery, 474-475, 475/ 

Left gonadal vein, 477, 480/ 

Left pulmonary artery, 479, 482/ 

Left subclavian artery, 472, 474/ 

Left suprarenal vein, 477, 480/ 

Left upper and lower abdominopelvie 
quadrants, 8, 8/ 

Left ventriele, 444/ 445/ 448/ 450, 450/ 
right ventriele eompared with, 451-452, 
452/ 

Leg. See also Lower limb 
bones of, 156-157, 157/ 
mmeles of/muscles aeting on, 198/ 

199/ 216, 216-218?, 217/ 218-219?, 
219/ 

srnfaee anatomy of, 692/ 693-694, 693/ 
Length-tension relationship 
eardiae muscle, PEx-84 
skeletal muscle, PEx-26 to PEx-28 
isometrie, PEx-27 
Lens of eye, 362/ 363, 364, 365/ 
aeeommodation and, 372, 373/ 
astigmatism and, 372 
opaeifìeation of (eataraets), 363 
Lenses (mieroseope), 28, 29/ 

Lens seleetion dise (ophthalmoseope), 

376, 376/ 

Lesser curvature of stomaeh, 

577, 578/ 

Lesser oeeipital nerve, 313/ 315? 

Lesser omentum, 577, 580/ 

Lesser seiatie noteh, 153, 154/ 

Lesser troehanter, 156, 156/ 

Lesser tubercle, 148, 150/ 

Lesser wings of sphenoid, 123/ 124/ 

126, 128/ 

Leukemia, 429 

Leukocyte(s) (white blood cells/WBCs), 
81/ 424-425, 425/ 426?, 427/ 
428-429, 428/ 
in urine (pyuria), 623, 624 
Leukocyte count 
differential, 429-430, 430/ 
total, 429 
Leukocytosis, 429 
Leukopenia, 429 

Levator labii superioris mmele, 200?, 201/ 
Levator scapulae mmele, 209/ 209? 
Leydig (interstitial endoerine) eells, 633, 

648 
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LH. See Luteinizing hormone 
Lidoeaine, PEx-42, PEx-43 
Life eyele, eell, 45-48, 46-47/ 

Ligament of head of femur (ligamentum 
teres), 176, 176/ 

Ligamentum arteriosum, 450/ 451, 483/ 
484 

Ligamentum nuchae, 210/ 

Ligamentum teres (ligament of head of 
femur), 176, 176/ 

Ligamentum teres (round ligament), 483/ 
484, 586/ 

Ligamentum venosum, 483/ 484 
Light ehains, immunoglobulin, 530, 531/ 
Light reeeptors, PEx-40 
Light reflex, pupillary, 340 
Light refraetion in eye, 372-374, 373/ 
374/ 

Limbie system, 280 

Limb leads, for ECG, 460, 460/ 462, 462/ 
Line (bone marking), 112? 

Linea alba, 207/ 685/ 686 
Linea aspera, 156, 156/ 

Linea semilunaris, 685/ 686 
Lingual artery, 473/ 

Lingual frenulum, 575-576, 576/ 

Lingual lipase, 597/ PEx-127 
Lingual tonsil, 538, 539/ 576, 577/ 

Lip(s) (labia), 575, 576/ 

Lipase, PEx-127 
in fat digestion, 597/ 599-601, 

PEx-127 to PEx-128 
gastrie, 597/ PEx-127 
lingual, 597/ PEx-127 
panereatie, 597/ 599-601, 

PEx-127 
Lipids, PEx-127 
digestion of, 597/ 599-601, 

PEx-127 to PEx-128 
in plasma membrane, 40, 41/ 
Lipoproteins, 436, PEx-162, PEx-169 
Litmus blue, 599, 600 
Liver, 19/ 20, 20/ 575/ 586, 586/ 587, 
588/ PEx-120/ See also under 
Hepatie 

round ligament of (ligamentum teres), 
483/ 484, 586/ 

Liver eells (hepatoeytes), 587, 588/ 

Load, skeletal muscle affeeted by, 

240-241, PEx-28 to PEx-29 
Load-veloeity relationship, PEx-28 to 
PEx-29 

Lobar arteries, of lung, 479, 482/ 

Lobe(s) 

ofliver, 586,586/ 
of lung, 540/ 542/ 543 
of mammary gland, 637, 637/ 
of pituitary gland, 406 
of thyroid gland, 682 
Lobule(s) 

of ear (earlobe), 384, 384/ 680/ 681 
ofliver, 587,588/ 
of mammary gland, 637, 637/ 

Loeal potentials, PEx-39 
Long bones, 110 
gross anatomy of, 110-111, 111/ 
Longissimus muscles, eapitis/eervieis/ 
thoraeis, 210/210? 

Longitudinal arehes of foot, 157, 158/ 
Longitudinal fìssure, 277, 277/ 

Long thoraeie nerve, 314/ 315? 

Longus (term), muscle name and, 197 
Loop of Henle, 613, 614/ PEx-131, 
PEx-132/ 

Loops (fingerprint), 101, 101/ 

Loose eonneetive tissue, 76/ 77/ 

Lordosis, 131, 131/ 

Low-density lipoprotein (LDL), 436, 
PEx-169 to PEx-170 
Lower limb. See also Loot; Leg; Thigh 
blood vessels of 
arteries, 476, 477/ 
veins, 477, 479/ 

bones of, 108/ 156-157, 156/ 157/ 
158/ 

nmseles of, 198/ 199/ 216-224, 
216-218?, 217/ 218-219?, 219/ 
220-224?, 221/ 223-224/ 


nerves of, 316-318, 316/ 317/ 317?, 
318? 

surface anatomy of, 3/ 157-158, 
690-694, 691/ 692/ 693/ 

Lower respiratory system, 540-544, 540/ 
541/ 542/ 543/ 544/ 

Low-power lens (mieroseope), 28, 30 
Lumbar (term), 2, 3/ 

Lrnnbar arteries, 475/ 476 
Lrnnbar curvature, 130/ 131 
Lmnbar enlargement, 308, 309/ 313/ 
Lrnnbar plexus/spinal nerves, 309/ 313/ 
316-317, 316/317? 

Lmnbar puncture/tap, 133, 308, 683 
Lmnbar regions, 8 , 9/ 

Lmnbar veins, 477 
aseending, 479, 480/ 481/ 

Lmnbar vertebrae, 130/ 132-133, 133/ 134? 
Lmnbosaeral plexus, 316-318, 316/ 317/ 
317?, 318? 

Lmnbosaeral tmnk, 316/ 317/ 

Lmnbrieal muscles, 213/ 

Lunate, 151, 152/ 

Lung(s), 18, 19/ 540/ 541-543, 541/ 
542/ 544, 544/ 684, 685/. See also 
under Pulmonary and Respiratory 
inflation of, 543 
meehanies of respiration and, 

550-551, 551/PEx-105 to 
PEx-117, PEx-106/ 

Lung eapaeity, total, 552/ 559/ 

PEx-107 

Lung tissue, 544, 544/ 

Lunule, 97, 97/ 

Luteinizing hormone (LH), 406, 407/ 
oogenesis/ovarian/menstmal eyeles 
affeeted by, 418, 650, 652/ 
in spermatogenesis, 648 
Lymphatie eapillaries, 526/ 527 
Lymphatie duct, 526/ 
right, 526/ 527 

Lymphatie system, 16?, 526-527, 526/ 
527/ 

Lymphatie tmnks, 526/ 527 
Lymphatie vessels (lymphaties), 

526-527, 526/ 528/ 529 
Lymph nodes, 526/ 527, 528/ 529 
axillary, 526/, 527, 687 
eervieal, 526/ 527, 682 
inguinal, 526/ 527, 693 
Lymphoeyte(s), 74/ 77/ 81/ 425/ 426?, 
427/ 428-429, 428/. See also B eells; 
T eells 

Lymphoid organs, 526, 527, 527/ 528 
Lymphoid tissues, 528 
nmeosa-assoeiated, 576/ 

Lymph sinuses, 529 
Lysosomes, 42/ 43, 43? 

Lysozyme, 360 

m. See Meter 
m|i. See Nanometer 
[im (m). See Mierometer/mieron 
Maerophages, 74/ 75, 527, 529 
in phagoeytosis, 61 
stellate (hepatie), 587, 588/ 

Macula(e), in vestibule, 385/ 390, 391/ 
Macula densa, 613,615/ 

Macula lutea, 362, 362/ 

Magnesimn, muscle eontraetion and, 

234, 235 

Magnifieation, mieroseope, 29, 30/ 

Main (primary) bronehi, 540, 540/ 542/ 
Main panereatie duct, 581, 587/ 

Major ealyees, 612, 612/ 

Major duodenal papilla, 581, 587/ 

Male 

pelvis in, female pelvis eompared with, 
153, 155? 

reproductive system in, 16?, 21, 21/ 

22, 22/ 630-633, 630-631/ 632/ 
633/ 634/ 

methra in, 22, 611/612, 630/ 631/ 

632, 633, 633/ 

Y ehromosome and, 669/ 670 
Malleoli 

lateral, 157, 157/ 158, 692/ 693 
medial, 157, 157/ 158, 692/ 693 


Malleus (hammer), 384/ 385 
Maltose/maltotriose, stareh hydrolyzed to, 
596-598, 597/ PEx-121 to PEx-123, 
PEx-123 to PEx-125 
Mammary (term), 2, 3/ 

Mammary glands, 637, 637/ 

Mammillary bodies, 278, 279/ 280/ 282, 
287, 289/ 291 

Mandible, 121/ 125/ 126/ 127, 127/ 
680/ 681, 683/ 
fetal, 137/ 

Mandibular angle, 121/ 127, 127/ 130 
Mandibular body, 127, 127/ 

Mandibular foramen, 127, 127/ 
Mandibular fossa, 120, 122/ 127/ 179, 
180/ 

Mandibular noteh, 121/ 127/ 

Mandibular ramus, 121/ 127, 680/ 681 
Mandibular symphysis, 125/ 127, 130 
Manubrium, 135, 135/ 683 
Manus (term), 2, 3/ 151. See also Hand 
Marginal artery, right, 444/ 447, 448/ 
Marrow (bone), 110, 111/ 

Masseter muscle, 197, 198/ 201/ 202/ 
202?, 681 

Mast eells, 74/ 75, 82 
Mastieation, 576 
imiseles of, 202/ 202? 

Mastoid fontanelle, 137, 137/ 

Mastoiditis, 120 

Mastoid proeess, 120, 121/ 122/ 125/ 
130, 680/ 681 
Matrix 

extracellular, 74/ 75, 79/ 80/ 82 
hair, 98/ 
nail, 97, 97/ 

Maxilla(e), 121/ 122/ 125/ 126/ 
127-128, 127/ 128/ 
fetal, 137/ 

Maxillary artery, 472, 473/ 

Maxillary sinuses, 129, 129/ 538 
Maximal shortening veloeity, 

PEx-28 

Maximal stimulus, muscle eontraetion 
and, 239, PEx-20 

Maximal tetanie tension, PEx-24, PEx-25 
Maximal voltage, muscle eontraetion and, 
239, PEx-20 

Maximum foree, 244, 245 
tetanus and, 240, 244 
Maximus (term), imisele name and, 197 
McBumey’s point, 685/ 686 
Mean arterial pressure (MAP), 499 
Meatus (bone marking), 112? 

Meehanieal stage (mieroseope), 

28, 29/ 

Meehanieal stimulation, of blood vessels 
of skin, eolor ehange and, 504 
Medial (term), 3 

Medial bieipital furrow, 687, 687/ 

Medial (vertebral) border of scapula, 148, 
149/ 683, 684/ 

Medial commissure (canthus), 360, 360/ 
Medial eondyle 

of femur, 156, 156/ 158, 692/ 693 
of tibia, 156, 157/ 158, 692/ 693 
Medial cutaneous nerves of arm/forearm, 
314/ 

Medial (sternal) end of elaviele, 

148, 149/ 

Medial epieondyle 
of femur, 156, 156/ 
of humerus, 150, 150/ 152, 687/ 688 
Medial longitudinal areh of foot, 157, 

158/ 

Medial malleohis, 157, 157/ 158, 692/ 
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Medial muscle eompartment, lower limb 
muscles and, 216?, 217/ 

Medial patellar retinaculum, 178 
Medial plantar artery, 476, 477/ 

Medial plantar vein, 477 

Medial pterygoid muscle, 202/ 202? 

Medial rectus muscle of eye, 361/ 

Medial supracondylar line, 156/ 

Medial supracondylar ridge, 150/ 

Medial surface of tibia, 692/ 693 
Medial umbilical ligaments, 483/ 484 


Medial wall of orbit, 128/ 

Median antebraehial vein, 479, 481/ 689/ 
Median aperture, 282, 284/ 

Median cubital vein, 479, 481/ 688, 689/ 
Median femoral cutaneous nerve, 317 
Median fissure, ventral, 308, 310/ 312/ 
Median nerve, 314/ 315?, 316, 689, 689/ 
Median palatine suture, 122/ 

Median (midsagittal) plane/seetion, 4, 
5/6/ 

Median saeral artery, 475/ 

Median saeral erest, 133-134, 134/ 
Median sulcus, dorsal, 308, 309/ 310/ 
312/ 

Mediastinal arteries, 474 
Mediastinum, 7/ 541, 542/ 

Medulla 
adrenal, 408 
of hair, 97, 98/ 
lymph node, 528/ 529 
renal, 612, 612/ 

Medulla oblongata, 276/ 277/ 278, 279/ 
280/ 282, 290/ 291, 291/ 
respiratory eenters in, 562 
Medullary eavity, of bone, 110, 111/ 
Medullary (renal) pyramids, 612, 612/ 
Megakaryoeytes, 429 
Meiosis, 45, 646, 646-647, 646/ 
in oogenesis, 648, 649/ 650 
in spermatogenesis, 647, 647/ 

Meiosis I, 646, 646/ 647, 647, 648, 

649/ 650 

Meiosis II, 646, 646/ 647, 647, 648, 

649/ 650 

Melanin, 95, 95/ 97 
Melanoeytes, 95, 95/ 98/ 

Melatonin, 407 
Membrane(s) 

eell. See Plasma membrane 
diffusion through, 54, 54-55, 55-60, 
55/ 59/ PEx-3, PEx-4 
faeilitated diffusion, 55, PEx-3, 
PEx-6 to PEx-8, PEx-140 
living membranes and, 58-60, 59/ 
nonliving membranes and, 56-58 
simple diffusion, 55, PEx-3, 

PEx-4 to PEx-6 

filtration and, 60. See, also Liltration 
synovial, 169/ 171 

Membrane pores, in filtration, 60, PEx-11 
Membrane potential, PEx-36 
resting, 41, 234, 266, PEx-36 
eardiae eell, PEx-99 
ion movement and, PEx-100? 
muscle eell, 234 

neuron, 266, 266/ PEx-36 to PEx-39 
Membrane proteins, 40, 41/ 
neural, PEx-36, PEx-39 
Membranous labyrinth, 385 
Membranous semicircular ducts, 385/ 
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Membranom urethra (intermediate part of 
urethra), 611/ 612, 630/ 631/ 632 
Memory (eognitive), eortieal areas in, 278/ 
Memory (immunological), 528 
Memory B eells, 529 
Mendel, Gregor, 668 

Meningeal layer of dura mater, 282, 283/ 
284/ 

Meninges 

brain, 282-283, 283/ 
spinal eord, 308, 309/ 310/ 

Meningitis, 283 
mastoiditis and, 120 
Menisei ofknee, 109/ 176, 177/ 

Menses. See Menstmation 
Menstmal (uterine) eyele, 651, 651/ 652/ 
Menstmation (menses/menstmal phase), 
636, 651,651/652/ 

Mental (term), 2, 3/ 

Mental foramen, 121/ 125/ 127, 127/ 
Mentalis muscle, 200?, 201/ 

Mercury, millimeters of, osmotie pressure 
measured in, PEx-9 
Merkel (taetile) eells, 95/ 96 
Merkel (taetile) dises, 96, 351 
Meroerine sweat glands (eeerine glands), 
94/ 99, 100, 100/ 
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Meseneephalon (midbrain), 276, 276/, 
278, 279/ 280/ 290, 291, 291/ 
Mesenehyme, 75, 76/ 

Mesenterie artery 
inferior, 475-476, 475/ 476/ 
superior, 475, 475/ 476/ 

Mesenterie ganglia, inferior and superior, 
324 

Mesenterie vein 
inferior, 484, 484/ 
superior, 484, 484/ 

Mesentery, 20, 580/ 581 
Mesoeolon, 577, 580/ 583/ 

Mesoderm, 658, 659-660, 660/ 
Mesometrium, 635/ 636 
Mesosalpinx, 635/ 636 
Mesovarmm, 635/ 636 
Metabolie aeidosis/metabolie alkalosis, 
PEx-154 

renal and respiratory response to, 
PEx-154 to PEx-156 
Metabolie rate/metabolism, 419, PEx-60 
aeidosis/alkalosis and, PEx-154 
computing, PEx-61 to PEx-62 
thyroid hormone and, 419, PEx-60 to 
PEx-64 

Metabolites, vasodilation/flushing and, 
502-503 

Metaearpals, 108/ 151, 152/ 
Metaearpophalangeal joints (kmiekles), 
151, 152, 170t 
Metaphase 
of meiosis, 646 
of mitosis, 45, 47/ 

Metaphase plate, 47/ 646 
Metarteriole-thoroughfare ehannels, 
519,519/ 

Metatarsal(s), 108/ 157, 158/ 

Metatarsal arteries, dorsal, 476, 477/ 
Metatarsal veins, dorsal, 479/ 
Metatarsophalangeal joints, 17 It 
Meteneephalon, 276/ 

Meter, 32 1 
Metrie system, 32 1 
Microcirculation, 519-520, 519/ 
Mierofilaments, 42/ 43 1 , 44 
Mieroglial eells, 254, 254/ 
Mierometer/mieron, 32 1 
Mieroseope(s), 27-38 
care/structure of, 28, 29/ 
depth of field and, 33 
identifying parts of, 28, 29/ 
magnification/resolution and, 29, 30/ 
viewing eells under, 33-34, 33/ 34/ 
viewing objeets through, 29-31, 31/ 
Mieroseope field, 30, 32-33, 32í 
Mieroseopie anatomy. See Histology 
Microtubules, 42/ 436 44 
kinetoehore, 46/ 
polar, 46/ 

Mierovilli, 41, 42/ 71/ 581, 581/ 
Micturition (voiding), 615 
Micturition reflex, 615, 616 
Midaxillary line, 684, 685/ 

Midbrain (meseneephalon), 276, 276/ 
278, 279/ 280/ 290, 291, 291/ 
Midclavicular line, 684, 685/ 

Middle eardiae vein, 445/ 448, 448/ 
Middle eerebellar peduncles, 290 
Middle eerebral artery, 472, 473/ 

Middle eranial fossa, 120, 123/ 

Middle ear, 384-385, 384/ 

Middle ear eavities, 8 , 9/ 

Middle nasal conchae/turbinates, 124/ 
125/ 127, 538, 539/ 

Middle phalanx 
finger, 152, 152/ 
toe, 158/ 

Middle sealene muscle, 203í, 204/ 
Middle suprarenal arteries, 475, 475/ 
Midpieee of sperm, 648, 648/ 

Midsagittal (median) plane/seetion, 4, 
5/6/ 

Milk (deciduous) teeth, 584, 584/ 
Millimeter, 32í 
Millimier ometer/ millimieron 
(nanometer), 32 1 
Millivolt(s), PEx-36 


Mineraloeortieoids, 408 

Minimus (term), muscle name and, 197 

Minor ealyees, 612-613, 612/ 

PEx-132 

Minute respiratory volume (MRV), 554, 
555 

Minute ventilation, PEx-106 
Mirror (mieroseope), 28 
Mitoehondria, 40/ 42/ 436 44 
muscle fiber, 186/ 187/ 

Mitosis, 45, 46-47/ 48, 646 
Mitotie spindle, 46/ 47/ 

Mitral (bicuspid) valve, 445/ 446, 447/ 
auscultation of, 494, 494/ 

Mixed nerves, 258, 308 
M line, 186/ 187/ 
mm. See Millimeter 
Moderator (septomarginal) band, 451, 
452/ 

Molars, 584, 584/ 

Molecular weight, diffusion rates and, 
55-56, 55/ 

Molecular weight cutoff (MWCO), 
PEx-4, PEx-11 

Monoeyte(s), 425/ 4266 427/ 428/ 429 
Monomer(s), antibody, 530, 531/ 
Monosynaptie reflex are, 336/ 337 
Mons pubis, 634, 634/ 635/ 

Momla, 658, 659/ 

Mother eell, 646 

Motor areas of brain, 278, 278/ 

Motor cortex, primary, 278, 278/ 

Motor end plate, PEx-18 
Motor (efferent) nerves, 258, 276 
Motor (efferent) neurons, 241, 255/ 258, 
259/ PEx-18, PEx-35 
in reflex are, 336/ 337 
Motor (deseending) traets, 310, 311/ 
Motor unit, 189, 190/ 241, PEx-18, 
PEx-20 

imiltiple, summation of (reemitment), 
241-244, 242, 242/ 243/ PEx-20 
temporal (wave) summation and, 
239-240, 239/ 241-244, 242, 242/ 
243/ PEx-22, PEx-94 
Motor unit reemitment, PEx-20 
Mouth (oral eavity), 8, 9/ 17, 

575-577, 575/ 576/ 577/ 
Movement(s), at synovial j oints (body 
movements), 173-174, 173/ 
174-175/ 

MRV. See Minute respiratory volume 
Mucin, in saliva, 585 
Mucosa(e). See Mucous membrane(s) 
Mucosa-associated lymphoid tissue, 

576/ 581/ 

Mucosal glands, gastrie, 577 
Mucous membrane(s)/mucosa(e) 
alimentary eanal, 574, 576/ 
duodenal, 582, 582/ 
gastrie, 579/ 
traeheal, 543/ 

Multiaxial joints/movement, 168/ 172/ 
173 

Multifidus muscle, 210/ 

Multipennate fascicles/muscles, 196/ 
Multiple-allele inheritanee, 672 
Multiple motor unit summation 

(reemitment), 241-244, 242, 242/ 
243/ PEx-20 

Multipolar neurons, 257, 258/ 

Murmurs (heart), 492 
Muscle(s). See Muscle tissue; Muscular 
system 

Muscle attaehments, 173, 173/ 188 
Muscle eells. See Muscle fibers 
Muscle eontraetion, 234-248, PEx-17 
to PEx-34 

aetion potential and, 234 
body movement and, 173, 173/ 
eleetrieal stimulation and, 234, 
PEx-17, PEx-18 
EMG in study of, 241-248 
foree measurement/fatigue and, 
244-248, 244/ 245/ 246/ 247/ 
temporal/nmltiple motor unit 
summation and, 241-244, 242, 
242/ 243/ 


fatigue and, 240, 241, PEx-25 to 
PEx-26. See also Muscle fatigue 
graded response and, 238, 241, 244 
stimulus frequency inereases and, 
239-240, 239/ 

stimulus intensity inereases and, 
238-239 

isometrie, PEx-20, PEx-26 to 
PEx-28, PEx-28 
isotonie, PEx-28 to PEx-29 
length-tension relationship in, 

PEx-26 to PEx-28 
isometrie, PEx-27 
load affeeting, 240-241, PEx-28 to 
PEx-29 

muscle twitch and, 238, 238/ 239, 
PEx-18 to PEx-20, PEx-20 
reeording aetivity and, 238, 238/ 
stimulus frequency and, 239-240, 239/ 
PEx-22 to PEx-23, PEx-24 
stimulus voltage and, 238-239, 

PEx-20 to PEx-22 
tetanus and, 239/ 240, PEx-24 to 
PEx-25, PEx-25, PEx-94 
threshold stimulus for, 238, PEx-20 
treppe and, PEx-22 
Muscle fatigue, 240, 241, PEx-25 to 
PEx-26 
inducing, 240 

measurement of, 244-248, 244/ 245/ 
246/ 247/ 

Muscle fibers (muscle eells), 84/ 186/ 
187-188, 187/ 188/ 189/ PEx-17, 
PEx-18, PEx-18/ 
aetion potential in, 234 
eontraetion of, 234-248, PEx-17 to 
PEx-34. See also Muscle eontraetion 
load affeeting, 240-241 
imisele name and, 196/ 197 
organization of into muscles, 188, 189/ 
Muscle spindles, 336/ 337, 337/ 351, 
351/ 

Muscle tension (muscle foree), 

PEx-17, PEx-20 
imisele eontraetion and, PEx-20 
Muscle tissue, 83-85, 84-85/. See also 
Cardiac muscle; Skeletal muscle(s); 
Smooth (viseeral) muscle 
Muscle twitch, 238, 238/ 239, PEx-18 to 
PEx-20, PEx-20 
Muscular arteries, 471 
Muscularis externa, alimentary eanal, 

574, 576/ 

gastrie, 577, 578/ 579, 579/ 
small intestine, 582, 582/ 

Muscularis mucosae, alimentary eanal, 
574, 576/ 
gastrie, 579/ 
large intestine, 582/ 
small intestine, 581/ 582/ 

Muscular system/muscles, 16 1, 

PEx-17, PEx-18/ 

gross anatomy of, 195-232, 196/ 198/ 
199/. See also Skeletal muscle(s) 
mieroseopie anatomy/organization 
of, 185-193, 186/. See also Muscle 
fibers 

muscle fìber organization into, 188, 
189/ 

physiology of, 233-252, PEx-17 to 
PEx-34. See also Muscle eontraetion 
Musculocutaneous nerve, 314/ 

315í, 316 

mV. See Millivolt(s) 

MWCO. See Molecular weight cutoff 
Myeleneephalon, 276/ 

Myelin, 256, 257/ 

Myelinated fibers, 256, 256/ 257/ 
PEx-48 

Myelination, 254, 254/ 256-257, 256/ 

PEx-48 

Myelin sheath, 254/ 256, 256/ 257/ 
260/ PEx-48 

Myelin sheath gaps (nodes of Ranvier), 
255/ 256, 257/ PEx-48 
Myenterie plexus, 574, 576/ 

Mylohyoid imisele, 204/ 204 1, 575 
Myoeardmm, 445/ 446 


Myoeytes, Purkinje, 458 
Myofibrils, 186/ 187, 187/ 
Myofilaments, 187 
in muscle eontraetion, 234, 240 
Myometrhim, 635/ 636, 636/ 
oxytocin affeeting, PEx-60 
Myoneural (neuromuscular) junction, 
188-190, 189/ 190/ PEx-18 
Myopia (nearsightedness), 372, 373/ 
Myosin, 187 

Myosin (thiek) filaments, 186/ 187 
imisele eontraetion and, 234, 240 
Myxedema, 408, 419 

n (haploid ehromosomal number), 

646, 668 

2 n (diploid ehromosomal mimber), 

646, 668 

Na + -K + pump (sodium-potassium 
pump), PEx-13, PEx-36 
Nail(s), 97, 97/ 

Nail bed, 97, 97/ 

Nail folds, 97, 97/ 

Nail matrix, 97, 97/ 

N anometer/ millimierometer/millimier on, 
32 1 

Nares (nostrils), 538, 539/ 

Nasal (term), 2, 3/ 

Nasal aperture, posterior, 538, 539/ 

Nasal bones, 121/ 125/ 126/ 128, 128/ 
130 

Nasal eartilages, 109, 109/ 

Nasal eavity, 8, 9/ 538, 539/ 

Nasal conchae/turbinates 
inferior, 125/ 128, 538, 539/ 
middle, 124/ 125/ 127, 538, 539/ 
superior, 127, 538, 539/ 

Nasal septum, 538 
Nasal spine, anterior, 127/ 

Nasolaerimal duct, 360, 360/ 
Nasopharynx, 538, 539/ 577 
Natal (gluteal) eleft, 690, 691/ 

Navel (umbilicus), 482, 483/ 686 
Navicular, 158/ 

Near point of aeeommodation, 372-373 
Nearsightedness (myopia), 372, 373/ 
Neek 

arteries of, 472, 473/ 
bony landmarks of, 681-682, 682/ 
muscles of, 197, 198/ 199/ 203-204/ 
203-204r, 208-2096 209-211/ 682, 
682/ 683/ 

nerves of, 309/ 313, 313/ 
surface anatomy of, 681-682, 682/ 
683/ 

triangles of, 682, 683/ 
veins of, 478-479, 480/ 

Neek of femur, 156/ 

Neek of fibula, 693 
Neek of humerus, 148, 150/ 

Neek of radhis, 150/ 151/ 

Neek of tooth, 585, 585/ 

Negative afterimages, temperature 
adaptation and, 354 
Negative eontrols, PEx-121, PEx-125, 
PEx-178 

Negative feedbaek meehanisms, PEx-60 
thyroid hormone seeretion and, PEx-61 
Negative hydrolysis test, 599 
Negative stareh test, 598, PEx-122, 
PEx-124 

Negative sugar test, 598, PEx-122, 
PEx-124 

Nephron(s), 613-615, 614/ 615/ 

PEx-131, PEx-132, PEx-137, 
PEx-153 

function of, 613, PEx-131 to PEx-148 
Nephron loop (loop of Henle), 613, 614/ 
PEx-131, PEx-132/ 

Nerve(s), 256, 260/ PEx-41 
eranial, 285, 286-2876 288-290, 288/ 
289/ 

mixed, 258, 308 

physiology of, 267-271, 267/ 270/ 
271/ PEx-35 to PEx-55. 

See also Nerve impulse 
spinal, 308, 309/ 
structure of, 257/ 258-260, 260/ 
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Nerve cell(s). See Neuron(s) 

Nerve ehamber, PEx-41 
Nerve conduction veloeity, PEx-47 to 
PEx-49, PEx-48 

Nerve endings, in skin, 94/, 95/ 96, 

96-97, 350, 350/ 351, 352 
Nerve fiber. See Axon(s) 

Nerve impulse, 254, 255, 266/. See also 
Aetion potential 
neurophysiology of, 265-274, 

PEx-35 to PEx-55 
Nerve plexuses, 312-313. See also 
speeifie type 

Nervous system, 16 1, 276. See also 
speeifie division or structure and 
Nerve(s); Neurons(s) 
autonomic, 276, 323-333, 324/ PEx-95 
brain, 276-285 
eentral, 254, 276 
eranial nerves, 285, 286-287í, 

288-290, 288/ 289-290/ 
eleetroeneephalography and, 299-306, 
300, 300/ 301/ 302/ 303/ 304/ 
nervorn tissue histology and, 82-83, 

82/ 253-264, 254/ 255/ 
peripheral, 254, 276 
physiology/neurophysiology of, 
265-274, PEx-35 to PEx-55. See also 
Nerve impulse 

reflex physiology and, 335-348 
sensation and. See also under Sensory 
general sensation, 349-358, 350 
speeial senses and, 350 
hearing/equilibrium, 383-396 
olfaetion/taste, 397-404 
vision 

visual system anatomy and, 

359-370 

visual tests/experiments and, 
371-381 

somatie, 276, 323 

spinal eord, 276/ 308-312, 309/ 310/ 
311/312/ 

spinal nerves/nerve plexuses, 308, 309/ 
supporting eells and, 254, 254/ 

Nervous tissue, 82-83, 82/ 253-264, 

254/ 255/. See also Neuroglia; 
Neuron(s) 

Neural layer of retina, 361-362 
Neural tube, 276 
Neurofibril(s), 254-256, 255/ 

Neuroglia (glial eells), 82, 82/ 

254, 254/ 

myelination and, 254, 254/ 256-257, 
PEx-48 

Neurohormones, 407. See also speeifie 
hormone 

Neurohypophysis (posterior pituitary 
gland), 406, 407/ 410, 410/ 
hormones of, 407, 407/ 
Neurolemmocytes (Schwann eells), 254, 
254/ 255/ 256, 256/ 257/ 
in myelination, 254, 254/ 256, 256/ 
PEx-48 

Neuromuscular (myoneural) junction, 
188-190, 189/ 190/ 256, PEx-18 
Neuron(s), 82-83, 82/ 254-258, 255/ 
259/ PEx-35 to PEx-36, PEx-36/ 

See also Motor (efferent) neurons; 
Sensory (afferent) neurons 
elassifieation of, 257-258, 258/ 259/ 
physiology/neurophysiology of, 
265-274, PEx-35 to PEx-55. See also 
Nerve impulse 

Neuron proeesses, 82-83, 82/ 
elassifieation and, 257, 258/ 
Neurophysiology, 265-274, PEx-35 to 
PEx-55. See also Nerve impulse 
Neurotransmitters, 324, PEx-35, 

PEx-49 to PEx-50 

neuron excitation/inhibition and, 256, 
267 

Neutrophil(s), 74/ 81/ 426í, 427/ 428, 428/ 
Newborn, circulation in, 483/ 484 
Nipple, 637, 637/ 684, 685/ 

Nissl bodies (ehromatophilie substance), 
255/ 256 

Nitrites, in urine, 623, 624 


Nitrocellulose membrane, PEx-184 
Nitrogen balanee, negative, in diabetes, 
PEx-64 

Nitrogenous wastes, in urine, 622 
nm. See Nanometer 
Nodal system. See Intrinsie conduction 
system of heart 

Nodes of Ranvier (myelin sheath gaps), 
255/ 256, 257/ PEx-48 
Nonaxial joints, 172/ 173 
Nondominant arm, foree measurement/ 
fatigue and, 244, 246, 248 
Nonencapsulated (free) nerve endings, 

94/ 96, 97, 350/ 351 
Non-identity (antigen), PEx-180 
Nonself antigens, PEx-177 
Nonspeeifie binding, PEx-178 
Norepinephrine, 324, 408, PEx-98 
Nose, 681, 681/. See also under Nasal 
Nosepieee (mieroseope), 28, 29/ 

Nostrils (nares), 538, 539/ 

Noteh (bone marking), 112f 
Noxious stimulus, blood pressure/heart 
rate affeeted by, 501 
Nuchal line 
inferior, 122/ 125/ 
superior, 122/ 125/ 681 
Nuclear envelope, 40, 40/ 42/ 

Nuclear pores, 40, 42/ 

Nuclei (nucleus) (eell), 40, 40/ 42/ 
Nuclei (nucleus) (neural), 254, 279 
Nucleic aeid digestion, 597/ 

Nucleoli (nucleolus), 40, 40/ 42/ 

Nucleus pulposus, 131 
Nutrient arteries, 111/ 

Nystagmus, 391 
in equilibrium testing, 391-392 

Objeetive lenses (mieroseope), 28, 29/ 

Oblique (term), muscle name and, 197 
Oblique mrneles of abdomen, 198/ 206 1, 
207/ 208/ 686 
Oblique mmeles of eye, 361/ 

Oblique popliteal ligament, 177/ 178 
Obstmetive lung disease, 554, 557, 
PEx-108 

Obturator artery, 476, 477/ 

Obturator foramen, 153, 154/ 

Obturator nerve, 316/ 31 It 
Oeeipital (term), 2, 3/ 

Oeeipital artery, 472, 473/ 

Oeeipital belly of epieranim muscle, 

199/ 200í, 201/ 

Oeeipital bone, 120-125, 121/ 122/ 

123/ 125/ 
in fetal skull, 137/ 

Oeeipital eondyles, 122/ 125, 125/ 
Oeeipital erest, external, 122/ 125, 125/ 
Oeeipital (posterior) fontanelle, 137, 137/ 
Oeeipital lobe, 277, 277/ 283/ 

Oeeipital nerve, lesser, 313/ 3 \5t 
Oeeipital protuberance, external, 122/ 
125, 125/ 130, 680/ 681 
Oeeipital vein, 480/ 

Oeeipitomastoid suture, 121/ 125/ 
Ocular/eyepiece (mieroseope), 28, 29/ 
Oculomotor nerve (eranial nerve III), 

286í, 287, 288/ 289/ 

Odontoblasts, 585 

Odontoid proeess (dens), 132, 132/ 

Odor (olfaetory) reeeptors. See Olfaetion/ 
olfaetory reeeptors 

Odor identifieation, taste and olfaetion 
in, 401. See also Olfaetion/olfaetory 
reeeptors 

Ohm(s), galvanie skin resistanee reeorded 
in, 326 

Oil(s), PEx-127 

Oil (sebaceous) glands, 94/ 98/ 99, 100/ 
Oil immersion lens (mieroseope), 28, 31 
Oleeranal (term), 2, 3/ 

Oleeranon, 150/ 151, 151/ 152, 687/ 688 
Oleeranon fossa, 150, 150/ 
Olfaetion/olfaetory reeeptors, 258/ 
398-399, 398/ PEx-40 
adaptation and, 401-402, PEx-46 
in odor identifieation, 401 
taste and, 400-401 


Olfaetory bulbs, 278, 279/ 285, 288/ 

289/ 290/ 398, 398/ 

Olfaetory eilia, 398, 398/ 

Olfaetory epithelium, 398, 398/ 

Olfaetory nerve (eranial nerve I), 286/, 
288/ 398, 398/ 

Olfaetory sensory nenrons, 258/ 398, 398/ 
Olfaetory traets, 278, 279/ 288/ 289/ 
398/ 

Oligodendroeytes, 254, 254/ 256 
in myelination, 254, 254/ 256-257, 
PEx-48 
Omenta, 577 

greater, 18, 20/ 577, 580/ 
lesser, 577, 580/ 

Omohyoid muscle, 203/ 204/ 204/ 
Ooeyte(s), 648, 649/ 659/ 
primary, 648, 649-650, 649/ 
seeondary, 648, 649/ 650, 650/ 
Oogenesis, 649 

in Asearis megaloeephala, 648-649 
human, 649-651, 649/ 

Oogonia, 649, 649/ 

Ophthalmie artery, 472, 473/ 

Ophthalmie vein, 480/ 

Ophthalmoseopie examination of eye, 
375-377, 376/ 377/ 

Optieal density, PEx-125, PEx-126 
developing standard glucose curve and, 
PEx-65 to PEx-66 

measuring fasting plasma glucose and, 
PEx-66 

Optie eanals, 123/ 124/ 125/ 126, 128/ 
Optie ehiasma, 278, 279/ 280/ 287, 288/ 
289/ 291, 291/ 364, 366/ 

Optie dise (blind spot), 362, 362/ 365/ 
371-372, 372/ 

Optie nerve (eranial nerve II), 278, 279/ 
286/, 287, 288/ 289/ 362/ 364, 

365/ 366/ 

Optie radiation, 364 
Optie traets, 278, 279/ 287, 288/ 289/ 
364, 366/ 

Oral (term), 2, 3/ 

Oral eavity (mouth), 8, 9/ 17, 

575-577, 575/ 576/ 577/ 

Oral eavity proper, 576 
Oral vestibule, 576, 576/ 

Ora serrata, 362/ 

Orbicularis oculi muscle, 197, 198/ 200/, 

201 / 

Orbicularis oris muscle, 196/ 197, 198/ 

200 /, 201 / 202 / 

Orbital (term), 2, 3/ 

Orbital eavities (orbits), 8 , 9/ 
bones forming, 120, 126, 127, 128, 128/ 
Orbital fissures 
inferior, 125/ 128/ 
superior, 124/ 125/ 126, 128/ 

Orbital plates, 124/ 127, 128/ 

Organ(s), 15, 68 
target, 406 

Organelles, 41-44, 42/ 43/ 

Organ systems, 15-26, 16/. See also 
speeifie system 

Origin (muscle), 173, 173/ 188 
naming muscles and, 197 
Oropharynx, 538, 539/ 576/ 577, 577/ 
Orthostatie hypotension, 326 
Oseilloseope, 270 
aetion potential studied with, 

270-271, 270/ 271/ 
brain waves studied with, 300-301 
membrane potential studied with, 
PEx-36 

Osmometers, 58 

Osmosis, 55, PEx-3, PEx-4, PEx-8 to 
PEx-10 

living membranes and, 58-60, 59/ 
nonliving membranes and, 56-58 
tonieity and, 58-60, 59/ PEx-9 
Osmotie pressure, PEx-8 to PEx-10 
Ossa coxae (coxal bones/hip bones), 

153, 154/ 

Osseous (bone) tissue, 75, 81/. See also 
Bone(s) 

Ossieles, auditory, 384/ 385 
Ossifieation, 114, 114/ 


Ossifieation (growth) eenters, in fetal 
skull, 137, 137/ 

Osteoblasts, 110 
Osteoelasts, 110 
Osteoeytes, 113/ 114 
Osteogenie epiphyseal (growth) plate, 
110, 111, 114 

Osteon (Haversian system), 113/ 114 
Osteoporosis, PEx-67 
Otie (term), 2, 3/ 

Otitis media, 385, 538 
Otolith(s), 390 

Otolithie membrane, 390, 391/ 

Otoseope, ear examination with, 385-386 
Ouchterlony double-gel diffusion, 531- 
532, 532/ 532/, PEx-180 to PEx-181 
Outer eollar of perinuclear eytoplasm, 
256, 256/ 

Outer (external) ear, 384, 384/ 
eartilage in, 80/ 109/ 

Ova (eggs), 650 
development of (oogenesis), 

648-651, 649, 649/ 
fertilized (zygote), 646, 649, 658, 659/ 
Oval window, 385, 385/ 386, 387/ 
Ovarian (gonadal) artery, 475, 475/ 
Ovarian eyele, 418, 649-651, 649/ 652/ 
Ovarian follieles, 636, 649, 649/ 650, 
650/651,652/ 

Ovarian ligament, 635/ 636 
Ovarian (gonadal) vein, 477, 480/ 
Ovarieetomy, PEx-67 
Ovary/ovaries, 21, 21/ 22, 22/ 408, 409/ 
634, 635/ PEx-120/ 
oogenesis in, 649-651, 649/ 650/ 
pituitary hormones affeeting, 418 
Ovulation, 418, 636, 649/ 652/ 659/ 
Ovum. See Ova 
Oxidases, peroxisome, 43 
Oxygen, partial pressure of, PEx-106 
Oxygen consumption, thyroid hormone 
effeet on metabolism and, PEx-61, 
PEx-61 to PEx-62 
Oxyhemoglobin, PEx-166 
Oxyphil eells, 409/ 410 
Oxytocin, 407, 407/ 
positive feedbaek regulating release of, 
PEx-60 

p24, PEx-185, PEx-185/ 
p31, PEx-185, PEx-185t 
p55, PEx-185í 

Paeemaker, eardiae, 458, 458/ PEx-93, 
PEx-96, PEx-98 
eetopie, 518 
in frog, 513, 513/ 514 
Paeinian (lamellar) corpuscles (pressure 
reeeptors), 94/ 97, 350/ 351, 

PEx-39, PEx-40 

Paeked eell volume (PCV/hematocrit), 
430-431, 431/ PEx-76, PEx-161, 
PEx-162 to PEx- 1 64 
Pain, referred, 354 

Pain reeeptors, 96, 97, 350/ 351, 352 
Palate, 575, 576/ 577/ 
eleft, 538 

hard, 122/ 538, 539/ 575, 577/ 
soft, 538, 539/ 575, 577/ 

Palatine bone, 122/ 128, 128/ 

Palatine proeesses, 122/ 127 
Palatine raphe, 576/ 

Palatine suture, median, 122/ 

Palatine tonsils, 530/ 538, 539/ 576, 
576/ 577/ 

Palatoglossal areh, 576, 576/ 577/ 
Palatopharyngeal areh, 576, 576/ 

Palm, superficial transverse ligament 
of, 213/ 

Palmar (term), 2, 3/ 

Palmar aponeurosis, 213/ 

Palmar arehes, 474/ 
venous, 481/ 

Palmaris longus muscle, 198/ 213/ 213í, 
689, 689/ 

Palpation, 680 

Palpebrae (eyelids), 360, 360/ 

Palpebral conjunctiva, 360, 360/ 
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Panereas, 20, 408, 409/, 575/ 587, 587/ 
PEx-60/ PEx-120/ 
mieroseopie anatomy of, 409/ 410 
Panereatie amylase, 597/ 

Panereatie duct, 581, 587/ 

Panereatie enzymes, 597/ 

Panereatie islets (islets of Langerhans), 
409/ 410 

Panereatie lipase, 597/ 599-601, 

PEx-127 
Panereatin, 599 
Panoramie vision, 374 
Papilla(e) 
dermal, 94/ 96 
hair, 98, 98/ 

of renal pyramid, 612,612/ 
of tongue, 399, 399/ 400/ 

Papillary layer of dermis, 94/ 96 
Papillary muscles, 445/ 446, 447/ 451, 
452/ 

Parafollicular (C) eells, 409, 409/ PEx-67 
Parallel fascicles/muscles, 196/ 197 
Paralysis, spinal eord injury and, 311 
Paranasal sinuses, 129, 129/ 538 
Paraplegia, 311 

Parasympathetie (eraniosaeral) division 
of autonomic nervous system, 324, 
324/ PEx-95 
function of, 326 

in heart regulation, PEx-95, PEx-98 
Parathyroid eells, 409/ 410 
Parathyroid glands, 408, 409/ PEx-60/ 
mieroseopie anatomy of, 409/ 410 
Parathyroid hormone (PTH), 408 
Paravertebral ganglia (sympathetie tmnk 
ganglion), 313/ 324, 325/ 

Parfoeal mieroseope, 30 
Parietal bone, 120, 121/ 122/ 123/ 125/ 
126/ 

in fetal skull, 137/ 

Parietal eells, 578/ 579 

Parietal layer/pericardium, 7/ 446, 449 

Parietal lobe, 277, 277/ 

Parietal peritoneum, 7/ 5 80/ 

Parietal pleura, 7/ 542/ 543 
Parietal serosa, 6-7, 7/ 

Parieto-oeeipital sulcus, 277, 277/ 

Parotid glands, 575/ 585 
Partial heart bloek, 519 
Partial identity (antigen), PEx-180 
Partial pressure of gas, PEx-106 
earbon dioxide, PEx-106, PEx-150, 
PEx-153 

oxygen, PEx-106 

Passive foree, in muscle eontraetion, 

PEx-26 

Passive proeesses/transport, 41, 54-60, 

54, PEx-3 

diffmion, 54, 54-55, 55-60, 55/ 59/ 

PEx-3, PEx-4 

faeilitated diffusion, 55, PEx-3, 
PEx-6 to PEx-8 

simple diffusion, 55, PEx-3, PEx-4 
to PEx-6 

filtration, 54, 60, PEx-3, PEx-3 to 
PEx-4, PEx-ll to PEx-13 
Patella, 108/ 156, 156/ 158, 177/ 692/ 

693 

Patellar (term), 2, 3/ 

Patellar ligament, 177/ 178, 217/ 692/ 
693 

Patellar (knee-jerk) reflex, 336/ 337, 

337/ 338, 338/ 

Patellar retinaculi (medial and lateral), 178 
Patellar surface, 156 
Pattem area (fingerprint), 101 
P C o 2 (partial pressure of earbon dioxide), 
PEx-106, PEx-150, PEx-153 
PCT. See Proximal convoluted tubule 
PCV. See Paeked eell volume 
Peetinate muscle, 445/ 451 
Pectineus muscle, 198/ 216í, 217/ 
Peetoral (shoulder) girdle. See also 
Shoulder joint 

bones of, 108/ 148, 148/ 149/ 
muscles of, 198/ 199/ 205/ 

205-2066 208-2096 209-211/ 
surface anatomy of, 152, 687, 687/ 


Peetoralis majormuscle, 196/ 197, 

198/ 205/ 2056 207/ 212/ 

684, 685/ 

Peetoralis minor muscle, 198/ 205/ 
Peetoral nerves, 314/ 315í 
Pedal (term), 2, 3/ 

Pediele, vertebral, 131/ 132/ 

Pelvie (term), 2, 3/ 

Pelvie articulations, 153 
Pelvie eavity, 6 , 7/ 

Pelvie (hip) girdle. See also Hip joint; 
Pelvis 

bones of, 108/ 153, 154/ 155/ 
surface anatomy of, 157-158 
Pelvie inflammatory disease (PID), 636 
Pelvie inlet (pelvie brim), 153, 154/ 155í 
Pelvie outlet, 153, 155/ 

Pelvie splanehnie nerves, 324 
Pelvis (bony pelvis), 153, 154/ 155/ 
arteries of, 476, 477/ 
false, 153 

in male versus female, 153, 155/ 
mmeles originating on, 198/ 2166 
217/ 2186 219/ 

surface anatomy of, 157-158, 686, 687 
tme, 153 

veins of, 477, 479/ 

Pelvis (renal), 612-613, 612/ 

Penis, 21, 21/ 22, 22/ 612, 630/ 631/ 
632-633, 633, 633/ 

Pepsin, PEx-125 

protein digestion by, 597/ PEx-125 to 
PEx-126 

Peptidase, PEx-123 
Peptide(s), PEx-59, PEx-125 
digestion of, PEx-125 to PEx-126 
Peptide hormones, PEx-59 
Pereeption, 352 

Perforating (Volkmann’s) eanals, 113/ 114 
Perforating (Sharpey’s) fibers, 110, 111/ 
113/ 

Perieardial arteries, 474 
Perieardial eavity, 7/ 

Periearditis, 446 
Pericardium, 7, 19/ 446 
fibrom, 446 
parietal, 7/ 446, 449 
serom, 446 

viseeral (epicardium), 7/ 445/ 

446, 449 

Perichondrium, 109 

Perilymph, 385, 386, 386/ 387/ 389 

Perimetrium, 635/ 

Perimysium, 188, 189/ 

Perineal (term), 2, 3/ 

Perineum, 634, 687 
Perineurium, 260, 260/ 

Perinuclear eytoplasm, outer eollar of, 
256, 256/ 

Period (phase) of eontraetion, of 
mmele twitch, 238, 238/ PEx-18, 
PEx-20 

Period (phase) of relaxation, of muscle 
twitch, 238, 238/ PEx-18, PEx-20 
Periodontal ligament, 585, 585/ 

Periosteal bud, 114 

Periosteal layer of dura mater, 282, 283/ 
284/ 

Periosteum, 110, 111/ 113/ 

Peripheral nervous system (PNS), 

254, 276. See also Cranial nerves; 
Nerve(s); Spinal nerves 
supporting eells in, 254, 254/ 

Peripheral resistanee, PEx-75, PEx-76 
blood flow and, PEx-75 to PEx-76, 
PEx-76, PEx-76 to PEx-88 
compensation/cardiovascular 
pathology and, PEx-86 
blood pressure and, 500, PEx-75 to 
PEx-76, PEx-76 
Perirenal fat capsules, 610/ 611 
Peristalsis (peristaltie movements), 603, 
603/ 

Peritoneum, 7, 7/ 
parietal, 7/ 580/ 
viseeral, 7/ 574, 580/ 

Peritubular eapillary bed, 613, 614/ 615/ 
PEx-132, PEx-139 


Permanent teeth, 584, 584/ 

Permeability (eell), 40-41, 53-65, 54, 
PEx-3 to PEx-16 

Permeability (ion ehannel), PEx-36 
Peroneal (term), 2, 3/ 

Peroneus (fibularis) brevis muscle, 220?, 
221/ 223/ 

Peroneus (fibularis) longus muscle, 198/ 
199/ 220í, 221/ 223/ 

Peronem (fibularis) tertius muscle, 220?, 

221 / 

Peroxisomes, 42/ 43-44, 43? 
Perpendicular plate of ethmoid bone, 

124/ 125/ 127 

Petrom part, of temporal bone, 120, 122/ 
123/ 

Peyer’s patehes, 527/ 582, 582/ 

PF 3 , 433, 433/ 

pH, PEx-127, PEx-149. See also 
Aeid-base balanee 
blood, 564 

buffering systems in maintenanee of, 
564, 565, PEx-150 
earbonie aeid-biearbonate 
(respiratory), 564, 564/ 565, 
PEx-150, PEx-150 to PEx-152. See 
also Respiratory buffering system 
renal, PEx-150, PEx-153 to 
PEx-154 

lipase aetivity and, 599, 600, 

PEx-127 

normal, PEx-149, PEx-150, 

PEx-153 
plasma, 425 
urine, 622, 624 
Phagoeytosis, 61, 61/ 

Phagosome, 61, 61/ 

Phalanges (phalanx) 
of fingers, 108/ 151-152, 152/ 
of toes, 108/ 157, 158/ 
Pharyngeal-esophageal phase, of 

deglutition (swallowing), 602, 602/ 
Pharyngeal tonsil, 527/ 538, 539/ 
Pharyngotympanie (auditory/eustachian) 
tube, 384/ 385, 538, 539/ 

Pharynx (throat), 538, 539/ 575/ 577, 
577/ 

Phenotype, 668 , 672/ 
genotype determination and, 

671-672, 672/ 672í 
hemoglobin, 672-673, 673/ 

Phipps and Bird wet spirometer, 552, 553/ 
pH meter, PEx-127 
Phosphate(s), in urine, 624 
Phosphate buffer system, PEx-150 
Photopupillary reflex, 375. See also 
Pupillary reflexes 
Photoreeeptors (rods and eones), 

361-362, 363/ 364 
Phrenie arteries, 474, 475/ 

Phrenie nerve, 313, 313/ 315/, 

682, 683/ 

Phrenie vein, inferior, 480/ 

Physieal fitness index, 501 
Physiograph 

baseline heart aetivity studied with, 
514,514/515,516,516/ 
brain waves studied with, 300-301 
eardiae muscle refraetory period 
studied with, 517 
heart rate modifiers studied with, 
517-519 

mmele eontraetion studied with, 
236-241, 236/ 

Physiologieal albuminuria, 623 
Physiologieal buffering systems, 

PEx-150 

Physiologieal fatigue, mmele, 240, 241. 

See also Mrnele fatigue 
Pia mater 

brain, 282, 283/ 285 
spinal eord, 308, 310/ 

PID. See Pelvie inflammatory disease 
Pig kidney, anatomy of, 612-613,612/ 
Pigmented ehoroid eoat, 364 
Pigmented layer of retina, 361, 363/ 364 
Piloearpine, heart rate and, 517-518, 
PEx-98 to PEx-99 


Pineal gland, 280/ 282, 290, 291, 291/ 
407, 409/ PEx-60/ 

Pinna (auricle), 80/ 384, 384/ 681, 681/ 
Pinoeytosis (fluid-phase endoeytosis), 

61, 61/ 

Pisiform, 151, 152, 152/ 

Pituicytes, 410, 410/ 

Pituitary gland (hypophysis), 278, 279/ 
280/ 283/ 406-407, 407/ 409/ 
PEx-60/ 

hypothalamus relationship and, 
406-407, 407/ PEx-61 
mieroseopie anatomy of, 410, 410/ 
ovaries affeeted by hormones of, 418 
thyroxine production regulated by, 419, 
419/ PEx-60 
Pivot joint, 172/173 
Plaeenta, 482, 483/ 659, 660, 661, 662, 
662/ 

Plane(s) (body), 4-6, 5/ 6/ 

Plane joint, 172/ 173 
Plantar (term), 2, 3/ 

Plantar areh 
arterial, 477/ 
venous/deep, 479/ 

Plantar arteries, 476, 477/ 

Plantar flexion (body movement), 174, 
175/ 

Plantaris mmele, 223/ 

Plantar nerves, 317/ 318? 

Plantar reflex, 339, 339/ 

Plantar veins, 477, 479/ 

Plasma, 81/ 424, 425-426, 425/ 
eholesterol eoneentration in, 435-436, 
PEx-161, PEx-169 to PEx-171 
Plasma eells, 428, 529 
Plasma glucose, PEx-64 to PEx-67 
fasting, PEx-65, PEx-66 to PEx-67 
Plasma membrane, 40, 40-41, 40/ 41/ 
42/ 

diffmion through, 55, 58-60, 59/ 

PEx-3, PEx-4 

faeilitated diffusion, 55, PEx-3, 
PEx-6 to PEx-8 
simple diffusion, 55, PEx-3, 

PEx-4 to PEx-6 
filtration and, 60 

permeability of, 40-41, 53-65, 54, 
PEx-3 to PEx-16 

Plateau phase, in eardiae aetion potential, 
PEx-94, PEx-94/ 
ion movement and, PEx-100? 
Platelet(s), 425, 425/ 426í, 427/ 429 
in blood elotting, 433, 433/ 

Platysma mmele, 198/ 201/ 203/ 203? 

Pleura, 7, 7/ 542/ 543 

Pleural eavity, 7/ 542/ 543, 684 

Pleural margin, 684 

PMI. See Point of maximal intensity 

Pneumothorax, 550, PEx-112 

PNS. See Peripheral nervous system 

Podoeytes, 613 

Poikilothermie animal, frog as, 

PEx-97 

Pointer (mieroseope), 28 
Point of maximal intensity (PMI), 444, 
444/ 

Polar bodies, 648, 649/ 650 
Polarity, epithelial tissue, 68 
Polarization 

eardiae, PEx-94, PEx-94/ 
neuron, PEx-36 
Polar microtubules, 46/ 

Pollex (thumb), 2, 3/ 
bones of, 151, 152/ 

Polyeythemia, 429, PEx-162 
blood viseosity and, PEx-78 
Polygraph, 326 

galvanie skin response in, 326-332, 
327/ 328/ 329/ 330/ 

Polypeptide, PEx-125 
Polysynaptie reflex are, 336/ 337 
Pons, 276/ 277/ 278, 279/ 280/ 282, 
289/ 291, 291/ 

Popliteal (term), 2, 3/ 

Popliteal artery, 476, 477/ 693 
pulse at, 495, 495/ 693 
Popliteal fossa, 693, 693/ 
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Popliteal ligaments, oblique and arcuate, 
177/, 178 

Popliteal surface, 156 
Popliteal vein, 477, 479/ 693 
Popliteus muscle, 223/ 224/ 224? 

Pore(s) 

membrane, in filtration, 60, PEx-11 
nuclear, 40, 42/ 
sweat (skin), 94/ 100/ 

Porta hepatis, 586/ 

Portal arteriole, 587, 588/ 

Portal triad, 587, 588/ 

Portal vein (hepatie portal vein), 

477-478, 484, 484/ 587, PEx-61 
Portal venule, 587, 588/ 

Positive eontrols, PEx-121, PEx-178 
Positive feedbaek meehanisms, PEx-60 
Positive hydrolysis test, 599 
Positive stareh test, 598, PEx-122, 

PEx-124 

Positive sugar test, 598, PEx-122, 

PEx-124 

Posteentral gyras, 277, 277/ 

Posterior (term), 3, 4/ 

Posterior auricular vein, 480/ 

Posterior axillary fold, 685/ 687 
Posterior eerebellar lobe, 282, 282/ 
Posterior eerebral artery, 473, 473/ 
Posterior ehamber, 363 
Posterior circumflex humeral artery, 

474, 474/ 

Posterior commissure, 280/ 

Posterior communicating artery, 472, 473/ 
Posterior eranial fossa, 120, 123/ 

Posterior eraeiate ligament, 177/ 

Posterior femoral cutaneous nerve, 317/ 
318? 

Posterior (oeeipital) fontanelle, 137, 137/ 
Posterior (dorsal) funiculus, 310, 310/ 312/ 
Posterior gluteal line, 154/ 

Posterior (dorsal) horns, 284/ 308, 310/ 
312/ 

Posterior inferior iliae spine, 153, 154/ 
Posterior intereostal artery, 474 
Posterior interventricular artery, 445/ 

447, 448/ 

Posterior median furrow, 683, 684/ 
Posterior muscle eompartment 
forearm imiseles and, 214?, 215/ 688 
lower limb muscles and 
foot and ankle, 221/ 222-224?, 
223-224/ 

thigh and leg, 218-219?, 219/ 
Posterior nasal aperture, 538, 539/ 
Posterior pituitary gland 

(neurohypophysis), 406, 407/ 410, 
410/ 

hormones of, 407, 407/ 

Posterior pole of eye, 362/ 

Posterior sealene muscle, 203?, 204/ 
Posterior segment, 362/ 363 
Posterior superior iliae spine, 153, 154f, 
158, 691, 691/ 

Posterior tibial artery, 476, 477/ 693 
pulse at, 495, 495/ 693 
Posterior tibial vein, 477, 479/ 

Posterior triangle of neek, 682, 683/ 
Postganglionie neuron, 323, 324 
Postsynaptie neuron, 255/ 256 
Postsynaptie potential, PEx-49, PEx-51 
Posture, blood pressure/heart rate affeeted 
by, 500 
Potassium 

heart rate and, 518, PEx-99 to 
PEx-101, PEx-100? 

nrnsele membrane potential/eontraetion 
and, 234, 235 

neuron membrane potential and, 266, 
266/ 267 

Potassium ehannels, PEx-36 
voltage-gated, refraetory periods and, 
PEx-44 

Preeapillary sphineters, 519, 519/ 
Preeentral gyras, 277/ 278 
Preeipitin line, PEx-180 
in Ouchterlony double-gel diffmion, 
531, PEx-180 

Predieted vital eapaeity, 556-557, 559 


Prefrontal cortex, 278, 278/ 

Preganglionie neuron, 323, 324 
Pregnaney, eetopie, 634 
Preload, PEx-84 
Premolars (bicuspids), 584, 584/ 

Premotor cortex, 278/ 

Prepuce 

of elitoris, 634, 634/ 
of penis (foreskin), 630/ 631/ 632 
Presbycusis, 387 
Presbyopia, 372 

Pressure. See also Blood pressure 
blood flow and, 500, PEx-80 to PEx-82 
glomeralar fìltration and, PEx-135 to 
PEx-137, PEx-137 to PEx-139 
osmosis affeeting, PEx-8 
Pressure gradient 
blood flow and, PEx-75, PEx-81 
filtration and, 60, PEx-3 to PEx-4, 

PEx-11 

Pressure reeeptors (lamellar/Paeinian) 
corpuscles, 94/ 97, 350/ 351, 

PEx-39, PEx-40 
Presynaptie neuron, 255/ 256 
Prevertebral (eollateral) ganglion, 324, 325/ 
Primary aetive transport, 60 
Primary auditory cortex, 278/ 387 
Primary (main) bronehi, 540, 540/ 542/ 
Primary curvatures, 130/ 131 
Primary follieles, 649/ 650, 650/ 651, 
652/ 

Primary germ layer, 658, 660/ 

Primary lymphoid organs/tissues, 528 
Primary motor cortex, 278, 278/ 

Primary ooeytes, 648, 649-650, 649/ 
Primary ossifieation eenter, 114 
Primary somatosensory cortex, 277, 278/ 
Primary spermatoeytes, 647, 

647/ 648 

Primary visual cortex, 278/ 364, 366/ 
Prime movers (agonists), 196 
Primordial follieles, 649, 649/ 

P-R interval, 459, 459/ 459? 

PRL. See Prolaetin 
Probability, heredity and, 670-671 
Proeess (bone marking), 112? 

Proeesses (neuron), 82-83, 82/ 
elassifieation of, 257, 258/ 
Progesterone, 408 
in menstraal eyele, 651, 652/ 
Projeetion/referred pain, 354 
Projeetion traets, 279 
Prolaetin (PRL), 406, 407/ 

Proliferative phase of menstraal eyele, 
651,651/ 652/ 

Prominenees, gluteal, 690 
Pronation (body movement), 173, 175/ 
Pronator quadratus muscle, 213/ 214? 
Pronator teres muscle, 198/ 213/ 213?, 
688, 689/ 

Pronuclei, 649 

Propagation, aetion potential, 267, 
'PEx-41, PEx-48 
Prophase 

of meiosis, 646, 646/ 
of mitosis, 45, 46/ 

Proprioeeptors, 350, 351-352, 351/ 
Propylthiouracil, metabolie rate affeeted 
by, PEx-63 

Proseneephalon (forebrain), 276, 276/ 
Prostate gland, 21/ 22/ 611/ 630/ 631/ 

632 

Prostatie urethra, 611/612, 630/ 631/ 632 
Protein(s), PEx-125 
membrane, 40, 41/ 

Protein buffer system, PEx-150 
Protein digestion, 597/ 598-599, 

PEx-125 to PEx-126 
Prothrombin, 433/ 434 
Prothrombin aetivator, 433/ 434 
Proximal (term), 4, 4/ 

Proximal convoluted tubule, 613, 614/ 
PEx-131, PEx-132/ 
glucose reabsorption in, PEx-140 to 
PEx-142 

Proximal phalanx 
finger, 152, 152/ 
toe, 158/ 


Proximal radioulnar j oint, 151/ 170? 
Pseudostratified epithelium, 69, 71/ 
Pseudounipolar (unipolar) neurons, 257, 
258/ 

Psoas major muscle, 216?, 217/ 

Psoas minor muscle, 217/ 

PTC taste, genotype/phenotype and, 671 
Pterygoid muscles, lateral and medial, 
202 / 202 ? 

Pterygoid proeesses, 124/ 126 
PTH. See Parathyroid hormone 
Ptosis, 611 
Pubic (term), 2, 3/ 

Pubic areh/angle, 153, 154/ 155? 

Pubic bone (pubis), 22/ 108/ 153, 154/ 
686 

Pubic erest, 153, 154/ 685/ 686 
Pubic rami, 153, 154/ 

Pubic (hypogastrie) region, 8, 9/ 

Pubic symphysis, 109/ 153, 154/ 171?, 
685/ 686 

Pubic tubercle, 153, 154/ 686, 686/ 

Pubis (pubic bone), 22/ 108/ 153, 154/ 

686 

Pubofemoral ligament, 176, 176/ 
Pudendal artery, internal, 476 
Pudendal nerve, 317/ 318? 

Pulmonary arteries, 444/ 445/ 448/ 450/ 
479, 482/ 

Pulmonary eapillaries, 448/ 479 
Pulmonary circulation, 446, 448/ 
479-482, 482/ 

Pulmonary function tests, 557-559, 558/ 
PEx-107, PEx-108 

foreed expiratory volume (FEV-|/FEV|), 
557-559, 558/ PEx-107 
foreed vital eapaeity (FVC), 

557-559, 558/ PEx-107 
Pulmonary minute ventilation, 

PEx-106 

Pulmonary semilunar valve, 445/ 446, 
447/ 451, 452/ 
auscultation of, 494, 494/ 

Pulmonary trank, 444/ 445/ 446, 448/ 
450/451,479, 482/ 

Pulmonary veins, 444/ 445/ 446, 448/ 
450/ 479, 482/ 

Pulmonary ventilation (breathing), 538, 
550-572, 551/ PEx-105, PEx-106, 
PEx-106/ See also under Respiratory 
aeid-base balanee and, 564-565, 564/ 
PEx-150, PEx-150 to 
PEx-152, PEx-154 to PEx-156 
faetors affeeting, 562-564 
frequency of, PEx-106 
meehanies of, 550-551, 551/ 

PEx-105 to PEx-117 
muscles of, 206?, 207/ 550, 

PEx-106, PEx-107 
Pulp 

splenie, 529, 529/ 
of tooth, 585 
Pulp eavity, 585, 585/ 

Pulse, 494-497, 495/ 496/ 497/ 

Pulse defieit, 497 

Pulse pressure, 495, 499 

Pulse rate, 495. See also Heart rate; 

Pulse 

Pump aetivity (heart), PEx-82 
stroke volume affeeting, PEx-84 to 
PEx-85 

vessel radius affeeting, PEx-82 to 
PEx-83 

Puncta, laerimal, 360, 360/ 

Punctate distribution, 352 
Punnett square, 668 
Pupil, 361, 362/ 

Pupillary light reflex, 340 
Pupillary reflexes, 340-341, 361, 375 
Purkinje eells, 257-258, 258/ 259/ 
Purkinje fibers (subendocardial 
conducting network), 458, 458/ 
Purkinje myoeytes, 458 
Putamen, 280, 281/ 

P wave, 459/ 459? 

Pyelonephritis, 622 
Pylorie antram, 577, 578/ 

Pylorie eanal, 577, 578/ 


Pylorie part, of stomaeh, 577 
Pylorie sphineter/valve, 577, 578/ 
Pyloras, 577, 578/ 

Pyramidal cells/neurons, 257-258, 258/ 
259/ 279 

Pyramids, decussation of, 278, 279/ 
Pyuria (leukocytes in urine), 623, 624 

QRS complex, 459/ 459?, 460 
Q-T interval, 459/ 459?, 460 
Quadrants, abdominopelvie, 8, 8/ 
Quadratus lumborum muscle, 210/ 211?, 
217/ 

Quadriceps (term), muscle name and, 197 
Quadriceps femoris muscles, 217/ 218?, 
222, 692/ 693 
Quadriplegia, 311 
Quiescent period, 492 

Raek and pinion knob (mieroseope), 
28, 29/ 

Radial-apieal pulse, 497 
Radial artery, 474, 474/ 689, 689/ 690 
pulse at, 152, 495, 495/ 689, 689/ 690 
Radial fossa, 150, 150/ 

Radial groove, 150, 150/ 

Radial nerve, 313-316, 314/ 315? 

Radial noteh, 150/ 151, 151/ 

Radial styloid proeess, 151/ 152, 688, 
689/ 

Radial tuberosity, 150, 150/ 151/ 

Radial vein, 479, 481/ 

Radiate arteries, eortieal, 612/ 613, 614/ 
615/ 

Radiate veins, eortieal, 612/, 

613, 614/ 

Radioulnar j oint, 151/ 170? 

Radim, 108/ 150, 150/ 151/ 152/ 688, 
688/ 689/ 

Rami 

eomnmnieantes (ramus communicans), 
324, 325/ 
dorsal, 312, 313/ 
ventral, 312, 313, 313/ 314/ 316, 
316/317/ 

Ramus (bone marking), 112? 
mandibular, 127, 127/ 680/ 681 
of pubis, 153, 154/ 

Ranvier, nodes of (myelin sheath gaps), 
255/ 256, 257/ PEx-48 
Rat disseetion, organ systems and, 16-22, 
17/ 18/ 19/ 20/ 21/ 

RBCs. See Red blood eell(s) 

Reabsorption 

tubular, 613-614, PEx-132, 

PEx-139, PEx-140 

glucose earrier proteins and, 

PEx-140 to PEx-142 
urine eoneentration and, 613-614, 
PEx-139 to PEx-140 
Reaetion time, reflex, 341-344, 343/ 

Real image, 372 
in mieroseopy, 29, 30/ 
refraetion and, 372, 372/ 

Rebreathing, aeid-base balanee and, 

PEx-151 to PEx-152 
Reeeptor(s). See also speeifie type 
hormone, PEx-59 
in reflex are, 336, 336/ 
sensory, 258, 350. See also Sensory 
reeeptors 

speeial, 350. See also Speeial senses 
Reeeptor-mediated endoeytosis, 61, 61/ 
Reeeptor potential, PEx-35, PEx-39 to 
PEx-41 

Reeeptor proteins, PEx-39 
Reeessive gene, 668 
Reeiproeal inhibition, 338 
Reeording eleetrodes, for oseilloseope, 
270, 271/ 

Reeraitment (multiple motor unit 
summation), 241-244, 242, 242/ 
243/ PEx-20 

Reetal artery, superior, 476/ 

Rectouterine pouch, 635/ 

Rectum, 20, 21/ 575/ 583, 583/ 

Rectus (term), muscle name and, 197 
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Rectus abdominis muscle, 197, 198/, 

206í, 207/ 208/ 685/ 686 
Rectus femoris muscle, 196/ 198/ 217/ 
218?, 692/ 

Rectus muscles of eye, 361/ 

Red blood cell(s) (RBCs/erythrocytes), 
81/ 424, 425/ 426í, 427-428, 427/ 
in hematoerit, PEx-161, PEx-162 
settling of (ESR), PEx-161, 

PEx-161 to PEx-162, PEx-164 
to PEx-165 

in urine (hematuria), 623 
Red blood eell (erythroeyte) antigens, 
blood typing and, 434, 434í, 435/ 
PEx-162, PEx-167, PEx-168t 
Red blood eell (erythroeyte) count, total, 

429 

Red blood eell (erythroeyte) 
sedimentation rate (ESR), 

PEx-161, PEx-161 to PEx-162, 
PEx-164 to PEx-165 
Red marrow, 110 
Red pulp, 529, 529/ 

Referred pain, 354 
Reflex are, 336-337, 336/ 

Reflex physiology, 335-348 
autonomic reflexes and, 336 
reaetion time and, 341-344, 343/ 
reflex are and, 336-337, 336/ 
somatie reflexes and, 336, 337-340, 
337/ 338/ 339/ 

Refraetion, 372-374, 373/ 374/ 
Refraetive index, 372 
Refraetory period 

eardiae muscle, 517, PEx-94 to PEx-95 

muscle eell, 234 

neuron, 267, PEx-44 to PEx-45, 

PEx-45 

Regeneration, epithelial, 69 
Regions, abdominopelvie, 8, 9/ 

Regular eonneetive tissue, 78/ 82 
Regulatory T eells, 529 
Relative refraetory period, 234, 267, 
PEx-94 

eardiae, PEx-94 
muscle eell, 234 
neuron, 267, PEx-44 to PEx-45 
Relaxation phase, of muscle twitch, 238, 
238/ PEx-18, PEx-20 
Renal arteries, 475, 475/ 610/611, 

612/ 613 

Renal buffering system, PEx-150 
in respiratory aeidosis/alkalosis, 
PEx-150, PEx-152 to PEx-154 
Renal calculi (kidney stones), 622 
Renal ealyees, 612-613, 612/ 

PEx-132 

Renal columns, 612, 612/ 

Renal eompensation, PEx-153 
Renal corpuscle, 613, 614/ PEx-131, 
PEx-132, PEx-132/ PEx-133 
Renal cortex, 612, 612/ 

Renal faseia, 611 
Renal medulla, 612, 612/ 

Renal pelvis, 612-613, 612/ 

Renal physiology, PEx-131 to 
PEx-147 

Renal (medullary) pyramids, 612, 612/ 
Renal tubule, 70/ 613, 614/ 615/ 
PEx-131, PEx-132, PEx-132/ 
PEx-135, PEx-137 
glucose reabsorption and, PEx-140 to 
PEx-142 

urine formation/eoneentration and, 
613-614 

Renal tubule lumen, PEx-139 
Renal tubule pressure, PEx-135 
glomemlar filtration and, PEx-135 to 
PEx-137, PEx-137 to PEx-139 
Renal veins, 477, 480/ 610/ 611, 612/ 
613 

Renin-angiotensin system, PEx-142 
Repolarization, 234, 267 
eardiae, PEx-94, PEx-94/ 
ion movement and, PEx-100t 
muscle eell, 234 
neuron, 266/ 267, PEx-44 
Reproduction, 645-656 


Reproductive system, 16?, 20-22, 21/ 

630. See also speeifie organ 
anatomy of, 629-644 
female 

gross anatomy, 16?, 21, 21/ 22, 22/ 
634-636, 634/ 635/ 
mammary glands, 637, 637/ 
mieroseopie anatomy, 636, 636/ 
637/ 
male 

gross anatomy, 16?, 21, 21/ 22, 22/ 
630-633, 630-631/ 
mieroseopie anatomy, 632/ 633, 
633/ 634/ 

physiology of, 645-656 
Reserve volume 

expiratory, 552, 552/ 554, 555-556, 
556, 559/ PEx-107 
inspiratory, 552, 552/ 554, 555, 559/ 

PEx-107 

Residual eapaeity, functional, 552/ 559/ 
Residual volume (RV), 552/ 557, 559, 
559/ PEx-107 

Resistanee, vascular, PEx-75, PEx-76 
blood flow and, PEx-75 to PEx-76, 
PEx-76, PEx-76 to PEx-88 
compensation/cardiovascular 
pathology and, PEx-86 
blood pressure and, 500, PEx-75 to 
PEx-76, PEx-76 

Resolution/resolving power, mieroseope, 

29 

Respiration, 538, 549-572, PEx-105. 

See also Pulmonary ventilation 
cellular, 538 
extemal, 538, PEx-106/ 
faetors affeeting, 562-564 
internal, 538, PEx-106/ 
meehanies of, 550-551, 551/ 

PEx-105 to PEx-117, PEx-106/ 
muscles of, 206í, 207/ 550, 

PEx-106, PEx-107 
Respiratory aeidosis, PEx-151, 

PEx-15 3 

renal response to, PEx-152 to 
PEx-154 

respiratory response to, PEx-151, 
PEx-152 to PEx-154 
Respiratory alkalosis, PEx-150, 

PEx-15 3 

renal response to, PEx-150, PEx-152 
to PEx-154 

respiratory response to, PEx-150 
Respiratory bronehioles, 540/ 541, 544/. 

See also Bronehioles 
Respiratory buffering system, 

564-565, 564/ PEx-150 
in metabolie aeidosis/metabolie 
alkalosis, PEx-154 to PEx-156 
in respiratory aeidosis/respiratory 
alkalosis, PEx-150, PEx-151, 
PEx-152to PEx-154 
Respiratory eapaeities, 552-562, 552/ 
559/ PEx-107 

Respiratory gases transport of, 538. 

See also Gas exchange 
Respiratory membrane (blood air barrier), 
541, 541/ 

Respiratory rate/depth, faetors affeeting, 
562-564 

Respiratory sounds, 551-552 
Respiratory system, 16?, 538, 550 
in aeid-base balanee, 564-565, 564/ 
PEx-150, PEx-150 to PEx-152, 
PEx-154to PEx-156 
anatomy of, 537-548 
lower respiratory structures, 

540-544, 540/ 541/ 542/ 543/ 
544/ 

upper respiratory structures, 

538-539, 539/ 540/ 
physiology/meehanies of, 549-572, 
PEx-105 to PEx-117 
Respiratory volumes, 552-562, 552/ 

559/ PEx-106 to PEx-109, 

PEx-107 

BIOPAC® in study of, 559-562, 559/ 
560/ 561/ 


spirometry in study of, 552-557, 552/ 
553/ 556/ PEx-109 to 
PEx-112 

Respiratory zone structures, 541 
Resting membrane potential, 41, 234, 

266, PEx-36 
eardiae eell, PEx-99 
ion movement and, PEx-100í 
muscle eell, 234 

neuron, 266, 266/ PEx-36 to PEx-39 
Rest periods, muscle fatigue and, 241, 

PEx-25 

Restrietive lung disease, 557, PEx-108 
Rete testis, 633 

Reticular eonneetive tissue, 77/ 

Reticular fibers, 74/ 75, 77/ 

Reticular lamina, 69 
Reticular layer of dermis, 94/ 96 
Reticulate body (ehlamydia), PEx-178 
Retina, 276/ 361-363, 362/ 363/ 364, 365/ 
mieroseopie anatomy of, 363/ 364 
Retinal eells, 258/ 

Rh antigens/blood group/factor, 434, 
PEx-167, PEx-168 
typing for, 434-435, PEx-167 to 
PEx-169 

Rheostat eontrol (ophthalmoseope), 376, 
376/ 

Rheostat loek button (ophthalmoseope), 
376, 376/ 

Rhombeneephalon (hindbrain), 276, 

276/ 282 

Rhomboid muscles, major and minor, 

199/ 209/ 209 1 

Rhythmieity, eardiae muscle, 512 
Ribosomes, 42, 42/ 43 1 
Ribs, 108/ 135/ 136, 136/ 683 
during breathing, 550, 550/ 

Right, anatomieal, 8 
Right atrium, 444/ 445/ 448/ 450/ 
in frog, 513/ 

Right braehioeephalie vein, 478 
Right eolie (hepatie) flexure, 583, 583/ 
Right eommon earotid artery, 472 
Right eoronary artery, 445/ 447, 448/ 

472 

Right gastrie artery, 474, 475/ 

Right gastroepiploie artery, 474-475, 475/ 
Right gonadal vein, 477, 480/ 

Right lymphatie duct, 526/ 527 
Right marginal artery, 444/ 447, 448/ 
Right pulmonary artery, 479, 482/ 

Right subclavian artery, 472, 474/ 

Right suprarenal vein, 477, 480/ 

Right upper and lower abdominopelvie 
quadrants, 8, 8/ 

Right ventriele, 444/ 445/ 448/ 

450- 451, 450/ 452/ 

left ventriele eompared with, 

451- 452, 452/ 

Ringer’s solution/irrigation, PEx-97 
Rinne test, 388, 388/ 

Risorius muscle, 200f, 201/ 

Rods, 361-362, 363/ 364 
Romberg test, 392 
Roof, of orbit, 128/ 

Root 

of hair, 94/ 97, 98/ 
of lung, 541, 542/ 
of nail, 97, 97/ 
of nose, 681, 681/ 
of tooth, 585, 585/ 

Root eanal, 585, 585/ 

Root hair plexus (hair folliele reeeptor), 
94/ 97, 350/ 351 

Rotation (body movement), 173, 175/ 
Rotator cuff muscles, 178, 179/ 

Rough endoplasmie reticulum, 42-43, 

42/ 43 1 

Rouleaux formation, PEx-162, PEx-164 
Round ligament (ligamentum teres), 483/ 
484, 586/ 

Round ligament of uterus, 635/ 636 
Round window, 385, 385/ 387/ 

R-R interval, 459 1 
Rugae 

of bladder, 611/ 
gastrie, 578/ 


Running in plaee, ECG during, 461, 
463-464, 464/ 465-466 
RV. See Residual vohime 

51 (first heart sound), 492, 493/ 

5 2 (seeond heart sound), 

492, 493/ 

Saccule, 385/ 389 
Saeral (term), 2, 3/ 

Saeral artery, median, 475/ 

Saeral eanal, 134, 134/ 

Saeral erests 
lateral, 134/ 
median, 133-134, 134/ 

Saeral curvature, 130/ 131 
Saeral foramina, 134, 134/ 

Saeral hiatus, 134, 134/ 

Saeral plexus/spinal nerves, 309/ 313/ 
317-318, 317/ 318? 

Saeral promontory, 134, 134/ 154/ 
Saeroiliae joint, 153, 154/ 171?, 691 
Saeram, 130, 130/ 133-134, 134/ 683 
in male versus female, 153, 155? 

Saddle joint, 172/ 173 
Sagittal plane, 4, 5/ 6/ 

Sagittal sinus, superior, 282, 283/ 284/ 
Sagittal suture, 120, 125/ 

Salieylate poisoning, metabolie aeidosis 
and, PEx-154 
Saliva, 576, 585 

Salivary amylase, 576, 585, 596-598, 
597/ PEx-121, PEx-123 
substrate speeifieity of, PEx-123 to 
PEx-125 

Salivary gland(s), 72/ 575/ 576, 
585-586, 586/ PEx-120/ 

Salivary reflex, 341 
Salty taste, 400 

SA node. See Sinoatrial (SA) node 
Saphenous nerve, 316/ 317 
Saphenous veins, 477, 479/ 694 
Sareolemma, 186/ 187, 187/ 

PEx-18 

aetion potential/muscle eontraetion 
and, 234 

in neuromuscular junction, 189, 189/ 
Sareomeres, 186/ 187 
Sareoplasmie reticulum, 187, 187/ 
Sartorius muscle, 196/ 198/ 216 1, 217/ 
219/ 691/ 692/ 693 
Satellite eells, 254, 254/ 259/ 

SCA. See Siekle eell anemia 
Seala media, 385, 386/ 

Seala tympani, 385, 386, 386/ 387/ 

Seala vestibuli, 385, 386/ 387/ 

Sealene muscles, 203í, 204/ 

Sealp, 283/ 681 

Seanning lens (mieroseope), 28, 30 
Seaphoid, 151, 152/ 

Scapula(e) (shoulder blades), 108/ 148, 
148/ 149/ 152, 683, 684/ 

Scapular (term), 2, 3/ 

Scapular nerve, dorsal, 314/ 315? 
Schwann eells, 254, 254/ 255/ 256, 

256/ 257/ 

in myelination, 254, 254/ 256, 256/ 
PEx-48 
Seiatiea, 318 

Seiatie nerve, 267, 317-318, 317/ 318?, 
691, 691/ 
in frog, 267-271 
disseetion of, 267-268, 267/ 
inhibiting, 268-270 
stimulating, 268, 270-271, 270/ 271/ 
Seiatie notehes, greater and lesser, 153, 
154/ 

Selera, 361, 362/ 364, 365/ 

Seleral venous sinus, 362/ 363 
Seoliosis, 131, 131/ 

Scrotum, 21, 21/ 22, 408, 630/ 631 
SCT. See Siekle eell trait 
Sea urchins, developmental stages of, 658 
Sebaceous (oil) glands, 94/ 98/ 99, 100/ 
Sebum, 99 

Seeondary aetive transport, 60, 

PEx-140 

Seeondary curvatures, 130/ 131 
Seeondary follieles, 649/ 650/ 651, 652/ 
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Seeondary lymphoid organs/tissues, 528 
Seeondary ooeytes, 648, 649/, 650, 650/ 
Seeondary spermatoeytes, 647/ 648 
Seeond heart sound (S2), 492, 493/ 
Seeond polar body, 649, 649/ 650 
Seeretory phase of menstmal eyele, 651, 
651/ 652/ 

Seeretory vesiele, 61 
Seetions (body), 4-6, 5/ 6/ 

Sedimentation rate, PEx-161, PEx-161 to 
PEx-162, PEx-164 to PEx-165 
Segmental arteries, 612/ 613 
Segmentation (segmental movements), 
603, 603/ 

Seleetive (differential) permeability, 
40-41, 53-65, 54, PEx-3, PEx-4, 
PEx-8 

Self antigens, PEx-177 
Self-nonself differentiation, 528 
Sellaturcica (Turk’s saddle), 123/ 124/ 

126 

Semen, 632 

Semicircular eanals, 385, 385/ 

389-390, 390/ 

Semicircular ducts, 385/ 389 
Semihmar eartilages (menisei) of knee, 
109/ 176, 177/ 

Semihmar valves, 445/ 446, 447/ 451 
auscultation of, 494, 494/ 
Semimembranosus muscle, 199/ 219/ 
219f, 693, 693/ 

Seminal fluid, 632 

Seminal glands (vesieles), 21/ 22/ 630/ 
631/ 632, 633, 633/ 

Seminiferous tubules, 633 
spermatogenesis in, 647, 647/ 648 
Semipermeable membrane, PEx-4, PEx-8 
Semispinalis muscle, eapitis/eervieis/ 
thoraeis, 209/ 210/ 

Semitendinosm muscle, 199/ 219/ 219í, 
693, 693/ 

Sensation, 352. See also under Sensory 
general, 349-358, 350 
speeial, 350 

hearing/equilibrium, 383-396 
olfaetion/taste, 397-404 
vision 

visual system anatomy and, 

359-370 

visual tests/experiments and, 
371-381 
Sense organs, 350 

Sensitivity, hormone reeeptor, PEx-59 
Sensorineural deafness, 387, 388, 388/ 
Sensory areas of brain, 278, 278/ 

Sensory layer of eye, 361-363, 362/ 

363/ See also Retina 
Sensory (afferent) nerve(s), 258, 276 
Sensory nerve endings/fìbers, in skin, 94/ 
95/ 96, 96-97, 350, 350/ 351, 352 
Sensory (afferent) neurons, 258, 259/ 
PEx-35, PEx-39, PEx-41 
olfaetory, 258/ 398, 398/ 
in reflex are, 336, 336/ 

Sensory reeeptors, 258, 350, PEx-39. See 
also speeifie type 
general, 349-358, 350/ 351 
adaptation of, 353-354, PEx-46 
physiology of, 352-355 
structure of, 350/ 351-352, 351/ 
speeial, 350. See also Speeial senses 
Sensory (aseending) traets, 310, 311/ 
Sensory transduction, PEx-39 
Septomarginal (moderator) band, 451, 452/ 
Septum pellucidum, 279, 280/ 284/ 290 
Seroeonversion, PEx-182 
Serologieal testing/serology, PEx-177 to 
PEX-188. See also speeifie test 
Serosa(e). See Serous membrane(s) 

Serom membrane(s)/serosa(e), 6-7, 7/ 
alimentary eanal, 574, 576/ 
duodenal, 582 
gastrie, 578/ 

Serous pericardium, 446 
Serratm anterior muscle, 198/ 205/ 205 1 , 
207/ 208/ 684, 685/ 

Sertoli eells (sustentocytes), 647/ 648 
Semm, PEx-177 


Sesamoid bones, 110, 152/ 

Sex (gender), ehromosomes determining, 
669-670 

Sex ehromosomes, 669-670, 669/ 

Sex hormones (gonadoeortieoids), 408 
Sex-linked inheritanee, 669-670 
Sexually transmitted infeetions/diseases, 636 
Shaft 

of bone (diaphysis), 110 , 111/ 
of hair, 94/ 97, 98/ 99/ 

Sharpey’s (perforating) fibers, 110, 111/ 
113/ 

Sheep brain, disseetion of, 285-292, 288/ 
289-290/ 291/ 292/ 

Sheep eye, disseetion of, 364, 365/ 

Sheep heart, disseetion of, 449-452, 

450/ 452/ 

Sheep kidney, anatomy of, 612-613, 612/ 
Sheep pluck, lung inflation in, 543 
Shinbone. See Tibia 
Short bones, 110 
Shortening veloeity, PEx-28 
Shoulder blades. See Scapula(e) 

Shoulder (peetoral) girdle. See also 
Shoulder joint 

bones of, 108/ 148, 148/ 149/ 
mmeles of, 198/ 199/ 205/ 

205-206?, 208-209?, 209-211/ 
surface anatomy of, 152, 687, 687/ 
Shoulder joint, 170?, 178, 179/ 

Siekle eell anemia, 669, PEx-162 
eleetrophoresis in identifieation of, 
672-673, 673/ 

Siekle eell hemoglobin, 669 
eleetrophoresis in identifieation of, 
672-673, 673/ 

Siekle eell trait, 669 
eleetrophoresis in identifieation of, 
672-673, 673/ 

Sigmoidal arteries, 476/ 

Sigmoid eolon, 575/ 583, 583/ 

“Signet ring” eells, 82 
Simple diffusion, 55, PEx-3, PEx-4 to 
PEx-6 

Simple epithelium, 68/ 69, 70-71/ 
columnar, 71/ 
cuboidal, 70/ 
squamous, 70/ 

Sinoatrial (SA) node, 458, 458/ 

PEx-95 to PEx-96, PEx-98 
Sinus (bone marking), 112? 

Sinmes (paranasal), 129, 129/ 538 

Sinmitis, 129 

Sinusoids, liver, 587, 588/ 

Sinus venosus (frog heart), 513, 513/ 
Sister ehromatids, 46/ 646 
Skeletal muscle(s), 83, 84/ 187 
aetion potential in, 234 
eells of, 84/ 186/ 187-188, 187/ 188/. 

See also Muscle fibers 
elas sifie ation/ty pe s/ naming, 

196-197, 196/ 

eontraetion of, PEx-17 to PEx-34. See 
also Muscle eontraetion 
fiber organization into, 188, 189/ 
length-tension relationship in, 

PEx-26 to PEx-28 
isometrie, PEx-27 
load affeeting, 240-241, PEx-28 to 
PEx-29 

physiology of, 233-252, PEx-17 to 
PEx-34. See also Mmele eontraetion 
structure of, 195-232, 196/ 198/ 199/ 
PEx-17, PEx-18/ 
mieroseopie anatomy/organization, 
185-193, 186/ See also Mmele fibers 
Skeletal muscle eells/fibers. See Muscle 
fibers 

Skeletal mmele pump, venous return 
and, 472 

Skeletal system/skeleton, 16?, 

107-118, 108, 108/ 
appendicular skeleton, 108/ 109, 
147-165 

axial skeleton, 108/ 109, 119-145, 120 
bones, 108, 108/ 110-114, 111/ 112?, 
113/ 114/ 

eartilages, 108, 109-110, 109/ 


Skin (cutaneous membrane/integument), 
16?, 79/ 93-107, 94 
aeeessory organs of, 94/ 97-100, 97/ 
98/ 99/ 100/ 
eolor of, 97 

circulatory dynamies and, 97, 
502-504 

structure of, 94-97, 94/ 95/ 
mieroseopie, 98, 99/ 

Skull, 108/ 120-130, 121/ 122/ 123/ 
124/ 125-126/ 127/ 128/ 129/ 
170?. See also Cranium; Faeial bones 
fetal, 136-137, 137/ 

Sleep, brain waves during, 300, 300/ 
Sliding filaments, in mmele eontraetion, 
235, 240 

SL valves. See Semilunar valves 
Small eardiae vein, 444/ 448, 448/ 

Small intestine, 18, 20, 20/ 71/ 575/ 
581-583, 581/ 582/ PEx-120/ 

Small saphenous vein, 477, 479/ 694 
Smell, sensation of, 398-399, 398/. See 
also under Olfaetory 
adaptation and, 401-402, PEx-46 
eortieal areas in, 278, 398 
in odor identifieation, 401 
taste and, 400-401 

Smooth endoplasmie reticulum, 42, 42/ 
43, 43? 

mmele eell (sareoplasmie reticulum), 
187, 187/ 

Smooth (viseeral) muscle, 85, 85/ 187 

Snellen eye ehart, 373 

Snuff box, anatomieal, 690, 690/ 

Sodhrni 

autorhythmicity and, 512, PEx-93 
heart rate and, 518, PEx-99 to 
PEx-101, PEx-100? 
muscle eell membrane potential/ 
eontraetion and, 234 
neuron membrane potential and, 266, 
266/ 267, PEx-36 
Sodium benzoate taste, genotype/ 
phenotype and, 671 
Sodmm ehannels, PEx-36 
voltage-gated, PEx-42 to PEx-44 
refraetory periods and, PEx-44 
Sodium-potassium pump, 234, 266, 266/ 
PEx-13, PEx-36 

Soft palate, 538, 539/ 575, 576/ 577/ 
Solem mmele, 198/ 199/ 221/ 222?, 
223/ 693/ 

Sohite gradient, urine eoneentration and, 
PEx-139 to PEx-140 
Solute partieles, PEx-4 
Solute pumps, PEx-13 
Somatie nervous system, 276, 323. See 
also Brain; Spinal eord 
Somatie reflexes, 336, 337-340, 337/ 
338/ 339/ 

Somatosensory assoeiation cortex, 
277-278, 278/ 

Somatosensory cortex, primary, 

277, 278/ 

Sound loealization, 387-388 
Sounds of Korotkoff, 498, 498 
Sound (traveling) waves, 384, 386, 387/ 
Sour taste, 400 
Southern blotting, PEx-184 
Speeial senses, 350 
eortieal areas in, 278, 278/ 
hearing and equilibrium, 383-396 
olfaetion and taste, 397-404 
vision 

visual system anatomy and, 359-370 
visual tests/experiments and, 371-381 
Speeifie gravity, urine, 622, 624 
Speeifieity, in imrmme response, 528 
Speeifieity (substrate), 596 
amylase, PEx-123 to PEx-125 
Speetrophotometer, PEx-125, PEx-126 
developing standard ghieose curve and, 
PEx-65 to PEx-66 

measuring fasting plasma glucose and, 
PEx-66 

in pepsin aetivity analysis, PEx-125, 
PEx-126 

Sperm, 647, 648, 648/ 


in epididymis, 631, 633, 634/ 
production of (spermatogenesis), 
647-648, 647/ 648/ 

Spermatie eord, 631, 632 
Spermatids, 647, 647/ 648 
Spermatoeytes, 647, 647/ 648 
Spermatogenesis, 647-648, 647/ 648/ 
Spermatogonia, 647, 647/ 

Spermiogenesis, 647, 647/ 

Sphenoidal fontanelle, 137, 137/ 
Sphenoidal sinuses, 129, 129/ 538, 539/ 
Sphenoid bone, 121/ 122/ 123/ 124/ 
125-126, 125/ 126/ 128/ 130 
Sphineter pupillae, 361 
Sphygmomanometer (blood pressure 
cuff), 498-499, 498/ 

Spinal (vertebral) eavity, 6 , 7/ 

Spinal eord, 276/ 308-312, 309/ 310/ 

311/ 

disseetion of, 311-312, 312/ 

Spinal curvatures, 130/ 131 
Spinal (vertebral) foramen, 131, 131/ 

133/ 134? 

Spinalis/spinalis thoraeis muscles, 210/ 
210 ? 

Spinal nerves/nerve plexuses, 308, 309/ 
310/ 312-318, 313/ 314/ 315?, 316/ 
317/ 317?, 318? 

Spinal reflexes, 337, 337-339, 337/ 

338/ 339/ 

Spine (bone marking), 112? 

of scapula, 149/ 152, 683, 684/ 
Spine/spinal column. See Vertebral column 
Spinous proeess, 130/ 131, 131/ 132, 

132/ 133/ 134?, 681,683 
Spiral organ, 385, 385/ 386/ 
mieroseopie anatomy of/hearing and, 
386-387,386/ 387/ 
Spirometry/spirometer, 552-557, 552/ 
553/ 556/ PEx-109 to PEx-112 
computer-generated spirogram and, 

559, 559/ 

Splanehnie nerves, 324, 325/ 
pelvie, 324 

Spleen, 20, 20/ 77/ 527/ 529/ 

575/ 

Splenie artery, 474, 475/ 529/ 

Splenie eords, 529, 529/ 

Splenie (left eolie) flexure, 583, 583/ 
Splenie pulp, 529, 529/ 

Splenie vein, 484, 484/ 529/ 

Splenius mrneles 
eapitis, 201/ 211/211? 
eervieis, 211/211? 

Spongy (cancellous) bone, 110, 111/ 113/ 
Spongy urethra, 611/ 612, 630/ 631/ 

632 

Sprain, 180 

Spring elips (mieroseope), 28 
Spurs (bone), 180 
Squamous epithelium, 68/ 69 
simple, 70/ 
stratified, 72/ 

Squamous part 
of frontal bone, 125/ 
of temporal bone, 120 
in fetal skull, 137/ 

Squamous suture, 120, 121/ 

SR. See Sareoplasmie reticulum 
Stage (mieroseope), 28, 29/ 

Standard limb leads, for ECG, 460, 460/ 
462, 462/ 

Stapes (stirrup), 384/ 385, 385/ 386, 

387/ 

Stareh, PEx-123 

Stareh digestion, 596-598, 597/ 

PEx-121 to PEx-123 
by salivary amylase, 576, 585, 

596-598, 597/ PEx-121 to 
PEx-123 

substrate speeifieity and, PEx-123 to 
PEx-125 

Stareh test, positive/negative, 598, 
PEx-122, PEx-124 
Starling forees, PEx-135, PEx-137 
Statie equilibrium, 390 
STDs. See Sexually transmitted 
infeetions/diseases 
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Stellate (hepatie) maerophages, 587, 588/ 
Stereoeilia 

epididymal, 633, 634/ 
equilibrium and, 391/ 
in spiral organ, 386, 386/ 
Stereomieroseope, for study of muscle 
fiber eontraetion, 235 
Sternal (term), 2, 3/ 

Sternal angle, 135-136, 135/ 540, 683, 

685 / 

Sternal (medial) end of elaviele, 148, 149/ 
Sternal head, of sternoeleidomastoid 
muscle, 682, 682/ 

Sternoclavicular joint, 148, 170í 
Sternoeleidomastoid muscle, 197, 198/ 
199/ 201/ 203/ 203t, 204/ 205/ 

682, 682/ 683/ 

Sternoeostal joints, 170í 
Sternohyoid muscle, 198/ 203/ 204/ 

204í 

Sternothyroid muscle, 203/ 204/ 204? 
Sternum, 108/ 135-136, 135/ 683 
Steroid hormones, PEx-60 
Stiimdating eleetrodes, for oseilloseope, 
270, 271/ 

Stirmili, 350, 352 
Stimulus artifaet, 270, 270/ 

Stimulus frequency, PEx-22, PEx-24, 
PEx-25 

eoding stimulus intensity as, PEx-46 
to PEx-47 

muscle eontraetion affeeted by, 

239-240, 239/ PEx-22 to PEx-23 
tetanus and, 239/ 240, PEx-24, 

PEx-25, PEx-94 

Stimulus intensity/stimulus voltage, 
PEx-20. See also Threshold voltage 
eoding for, PEx-46 to PEx-47 
graded/loeal potentials and, PEx-39 
muscle eontraetion affeeted by, 

238-239, PEx-20 to PEx-22 
Stirrup (stapes), 384/ 385, 385/ 386 
STIs. See Sexually transmitted infeetions/ 
diseases 

Stomaeh, 18, 20/ 575/ 577, 578/ 579, 
579/. See also under Gastrie 
Stomaeh (gastrie) glands, PEx-120/ 
PEx-125 

Straight sinus, 283/ 

Stratifìed epithelium, 68/ 69, 72-73/ 
columnar, 73/ 
cuboidal, 72/ 
squamous, 72/ 

Stratum basale (stratum germinativum) 
(skin), 95/ 96, 99/ 

Stratmn basalis (basal layer) 
(endometrium), 636 
Stratum corneum (skin), 95/ 96, 99/ 
Stratmn functionalis (functional layer) 
(endometrium), 636 
Stratmn granulosum (skin), 95/ 96, 99/ 
Stratmn lucidum (skin), 96, 99/ 

Stratmn spinosmn (skin), 95/ 96, 99/ 
Streteh reeeptors, 350 
Streteh reflexes, 337-338, 337/ 338/ 
Striations, muscle tissue, 83, 83/. See also 
Skeletal muscle 
Striatmn, 281, 281/ 

Stroke volume (SV), 460, 493/ 

PEx-82, PEx-84 

in eardiae output, PEx-82, PEx-84 
pump aetivity affeeted by, PEx-84 to 
PEx-85 

Strong aeid, PEx-149 
Strong base, PEx-149 
S-T segment, 459/ 459í, 460 
Sty, 360 

Stylohyoid muscle, 204/ 204t 
Styloid proeess 

of radius, 151/ 152, 688, 689/ 
of temporal bone, 120 , 121/ 122/ 
of ulna, 151, 151/ 152, 688, 689/ 
Stylomastoid foramen, 120, 122/ 
Subarachnoid spaee, 282, 283/ 284/ 310/ 
Subcapsular sinus, lymph node, 528/ 
Subclavian arteries, 472, 473/ 474/ 682, 
682/ 683/ 

Subclavian vein, 479, 480/ 481/ 


Subdural spaee, 282, 283/ 310/ 
Subendocardial conducting network 
(Pmkinje fibers), 458, 458/ 

Sublingual glands, 575/ 585 
Submandibular glands, 575/ 585, 682, 
683/ 

Submucosa 

alimentary eanal, 574, 576/ 
gastrie, 579/ 
large intestine, 582/ 
small intestine, 581/ 582 
traeheal, 543/ 

Submucosal plexus, 574, 576/ 
Subpapillary vascular plexus, 94/ 
Subscapular artery, 474, 474/ 

Subscapular fossa, 148, 149/ 
Subscapularis muscle, 178, 205/ 211 
tendon of, 179/ 

Subscapular nerves, 314/ 315í 
Substage light (mieroseope), 28, 29/ 
Substrate(s), enzyme, 596, PEx-120, 
PEx-123, PEx-125 
speeifieity of, 596 
amylase, PEx-123 to PEx-125 
Subthreshold stimuli, 238 
Sudoriferous (sweat) glands, 94/ 99-100 
Sugar test, positive/negative, 598, 
PEx-122, PEx-124 
Sulci (sulcus), 277, 277/ 

Sulfates, in mine, 624 
Superciliary arehes, 680/ 681 
Superficial/external (term), 4 
Superficial eord reflexes, 339, 339/ 
Superficial faseia of skin (hypodermis), 

94, 94/ 

Superficial inguinal ring, 686 , 686/ 
Superficial palmar areh, 474/ 

Superficial palmar venous areh, 481/ 
Superficial temporal artery, 472, 473/ 
680/ 681 

pulse at, 495, 495/ 680/ 

Superficial temporal vein, 478-479, 480/ 
Superficial transverse ligament of palm, 
213/ 

Superior (term), 3, 4/ 

Superior angle of scapula, 148, 149/ 
Superior articular proeess/faeet, vertebral, 
131/ 132, 132/ 133/ 134/ 134? 
Superior border of scapula, 148, 149/ 
Superior eerebellar peduncles, 290 
Superior colliculi, 279, 280/ 291/ 
Superior gluteal artery, 476, 477/ 

Superior gluteal nerve, 317/ 318? 

Superior mesenterie artery, 475, 475/ 

476/ 

Superior mesenterie ganglia, 324 
Superior mesenterie vein, 484, 484/ 
Superior nasal eonehae/tmbinates, 127, 
538, 539/ 

Superior nuchal line, 122/ 125/ 681 
Superior oblique muscle of eye, 361/ 
Superior orbital fissme, 124/ 125/ 126, 
128/ 

Superior reetal artery, 476/ 

Superior rectus imisele of eye, 361/ 
Superior sagittal sinus, 282, 283/ 284/ 
Superior thyroid artery, 473/ 

Superior vena eava, 19/ 444/ 445/ 446, 
448/ 450/ 477, 480/ 481/ 
veins draining into, 478-479, 480/ 481/ 
Supination (body movement), 

173-174, 175/ 

Supinator muscle, 213/ 214?, 215/ 
Supporting eells 

nervous tissue (nemoglia/glial eells), 

82, 82/ 254, 254/ 
olfaetory epithelium, 398, 398/ 
Supraclavicular nerves, 313/ 315? 
Supracondylar lines, medial and lateral, 
156/ 

Supracondylar ridges, lateral and medial, 
150/ 

Supracristal line, 683, 684/ 

Suprahyoid muscles, 682, 683/ 
Supraorbital foramen (noteh), 120, 125/ 
130 

Supraorbital margin, 125/ 

Suprarenal arteries, middle, 475, 475/ 


Suprarenal glands. See Adrenal 
(suprarenal) glands 
Suprarenal veins, 477, 480/ 

Suprascapular artery, 474/ 

Suprascapular nerve, 314/ 315? 
Suprascapular noteh, 148, 149/ 
Supraspinatus muscle, 178, 209/ 209?, 
211 , 212 / 

Supraspinous fossa, 148, 149/ 

Smal (term), 2, 3/ 

Smal nerve, 317/ 318? 

Smfaee anatomy, 2, 3/ 679-695, 680 
of abdomen, 685/ 686-687, 686/ 
of head, 680-682, 680/ 681/ 
of lower limb/pelvie girdle, 3/ 157-158 
of neek, 681-682, 682/ 683/ 
terminology and, 2, 3/ 
of tmnk, 682-684, 684/ 685/ 
of upper limb/peetoral girdle, 3/ 152 
Smfaee tension, PEx-112 
Smfaetant, PEx-112 to PEx-113 
Smgieal neek ofhumerus, 148, 150/ 
Suspensory ligament 
of breast, 637/ 

of eye (eiliary zonule), 362/ 363 
of ovary, 635/ 636 

Sustentocytes (Sertoli eells), 647/ 648 
Sutural bones, 110, 125/ 

Sutures, 168/ 169 
eranial, 120, 121/ 125/ 

SV. See Stroke volrnne 
Swallowing (deglutition), 602-603, 602/ 
Sweat (sudoriferous) glands, 94/ 99-100, 
100 / 

Sweat pore, 94/ 100/ 

Sweet taste, 400 

Sympathetie (thoraeolmnbar) division of 
autonomic nervous system, 324, 324/ 
325/ PEx-95 
function of, 326 

in heart regulation, PEx-95, PEx-98 
Sympathetie tmnks/ehains/sympathetie 
tmnk ganglion, 313/ 324, 325/ 
Symphyses, 168/ 169 
Symporter, PEx-13 
Synapse(s), 255/ 256, PEx-35, 

PEx-49 to PEx-50, PEx-50 
Synapsis, in meiosis, 646 
Synaptie eleft/synaptie gap, 189, 189/ 
255/ 256, PEx-49 
Synaptie potential, 256, PEx-35 to 
PEx-36, PEx-51 

Synaptie vesieles, 189/ 255/ 256, 

PEx-49 

Synarthroses, 169 

Synehondroses, 168/ 169 

Syncytium, functional, myocardium as, 

458 

Syndesmoses, 168/ 169 
Synergists, 196 
Synovial eavities, 8, 9/ 169/ 

Synovial fluid, 169/ 171 
Synovial joints, 168/ 169-180, 169/ 
170-171?, 172/. See also speeifie joint 
movements at, 173-174, 173/ 

174-175/ 

types of, 168/ 172-173, 172/ 

Synovial membranes, 169/ 171 
Systemie circulation, 446, 448/ 
arterial, 471/ 472-477 
venous, 477-479, 478/ 

Systole, 446, 492, 493/ PEx-82 
Systolie pressme, 497 

T 3 (triiodothyronine), 407. See also 
Thyroid hormone 
T 4 (thyroxine), 407, PEx-60, PEx-60. 

See also Thyroid hormone 
metabolism/metabolie rate and, 

PEx-60 to PEx-64 
Taehyeardia, 460 
Taetile (Merkel) eells, 95/ 96 
Taetile corpuscles, 96, 350/ 351 
Taetile (Merkel) dises, 96, 351 
Taetile loealization, 352-353 
Tail of sperm, 648, 648/ 

Tallquist method, 432 
Talus, 108/ 157, 158/ 


Tapetum lucidum, 364 
Target eells, PEx-59 
Target organs, 406 
Tarsal (term), 2, 3/ 

Tarsal bones, 108/ 157, 158/ 

Tarsal glands, 360, 360/ 

Tarsometatarsal joint, 171? 

Taste, 399-400, 399/ 
eortieal areas in, 278/ 399 
in odor identifieation, 401 
smell/texture/temperatme affeeting, 
400-401 

Taste buds, 399-400, 399/ 400/ 577 
Taste pore, 399, 399/ 

T eells (T lymphoeytes), 429, 528-529, 

528 

thyrmis in development of, 408, 528 
Teetorial membrane, 386, 386/ 

Teeth, 584-585, 584/ 585/ 

Teleneephalon, 276/ 

Telophase 
of meiosis, 646 
of mitosis, 45, 47/ 

Temperatme 

heart rate and, 517, PEx-96 to PEx-98 
microcirculation and, 520 
taste and, 401 

Temperatme reeeptors, 350/ 351 
adaptation of, 353-354 
Temporal artery, superficial, 472, 473/ 
680/ 681 

pulse at, 495, 495/ 680/ 

Temporal bone, 120, 121/ 122/ 123/ 

125/ 126/ 283/ 
in fetal skull, 137/ 

Temporalis muscle, 197, 198/ 201/ 202/ 
202 ? 

Temporal lobe, 277, 277/ 279/ 

Temporal (wave) summation, 239-240, 
239/ 241-244, 242, 242/ 243/ 
PEx-22, PEx-94 

Temporal vein, superficial, 478-479, 480/ 
Temporomandibular joint (TMJ), 127/ 

130, 170?, 179-180, 180/ 680/ 681 
Tendinom insertions (interseetions/ 
inseriptions), 207/ 685/ 686 
Tendon(s), 188, 189/ PEx-17, PEx-18/ 
Tendon organs, 351/ 352 
Teniae eoli, 583/ 584 
Tension (muscle tension/foree), 

PEx-17, PEx-20 
muscle eontraetion and, PEx-20 
Tensor faseiae latae muscle, 198/ 217/ 
218? 

Tentorimn eerebelli, 282, 283/ 

Teres major muscle, 199/ 208?, 209/ 212/ 
Teres minor muscle, 178, 208?, 209/ 212/ 
Terminal arterioles, 519, 519/ 

Terminal boutons (axon terminals), 188, 
189, 189/ 190/ 241, 255/ 256, 
PEx-36, PEx-36/ PEx-49 
Terminal branehes, 188, 190/ 255/ 
Terminal bronehioles, 540/ 

Terminal eistems, 187, 187/ 

Terminal (intrammal) ganglion, 324 
Terminal web, 44 
Terminology (anatomieal), 1-14 
Testicular (gonadal) artery, 475, 475/ 
Testicular (gonadal) vein, 477, 480/ 
Testis/testes, 21, 21/ 22, 22/ 408, 409/ 
630, 630/ 631, 631/ 633, PEx-120/ 
Testosterone, 408 

Tetamis/tetany, 239/ 240, 408, PEx-24 to 
PEx-25, PEx-25, PEx-94 
Tetrads, 646, 646 

Tetraiodothyronine. See Thyroxine 
Tetrodotoxin, PEx-42, PEx-43 
Texture, taste affeeted by, 400 
TF. See Tissue faetor 
TH. See Thyroid hormone 
Thalamus, 276/ 280/ 281/ 291 
Theea folliculi, 650/ 651 
Thenar eminenee/thenar muscles, 213/ 

690, 690/ 

Theta waves, 300, 300/ 

Thiek (myosin) filaments, 186/ 187 
imisele eontraetion and, 234, 240 
Thiek skin, 97, 98, 99/ 
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Thigh. See also Lower limb 
bones of, 156, 156/ 
deep artery of, 476, 411 f 
muscles of/muscles aeting on, 198/ 

199/ 216, 216-218/, 217/ 

218-219?, 219/ 692/ 693, 693/ 
surface anatomy of, 692/ 693, 693/ 
Thin (aetin) filaments, 43?, 44, 

186/ 187 

muscle eontraetion and, 234, 240 
Thin skin, 98, 99/ 

Third ventriele, 276/ 281, 281/ 282, 

284/ 292/ 

Thoraeie (term), 2, 3/ 

Thoraeie aorta, 472-474, 472, 474/ 
Thoraeie artery 
internal, 473/ 474, 474/ 
lateral, 474, 474/ 

Thoraeie eage, 108/ 135-136, 135/ 136/ 
683, 685/ See also Thorax 
Thoraeie eavity, 6, 7/ 18, 19/ 
relationships of organs in, 542/ 

Thoraeie curvature, 130/ 131 
Thoraeie duct, 526/ 527 
Thoraeie nerves, 309/ 313/ 314/ 315? 
Thoraeie vertebrae, 130/ 132, 133/ 134f 
Thoraeoaeromial artery, 474, 474/ 
Thoraeodorsal nerve, 314/ 

Thoraeolmnbar (sympathetie) division of 
autonomic nervous system, 324, 324/ 
325/ PEx-95 
function of, 326 

in heart regulation, PEx-95, PEx-98 
Thorax, 683-684, 685/ PEx-107 
arteries of, 474, 474/ 
bony, 108/ 135-136, 135/ 136/ 
683-684, 685/ 

mmeles of, 198/ 205/ 205-206í, 207/ 
208-2096 209-211/ 684, 685/ 
surface anatomy of, 683-684, 685/ 
veins of, 479, 481/ 

Thoroughfare ehannels, 519, 519/ 
Three-dimensional vision (depth 
pereeption), 374-375 
Threshold/threshold stimulus, 238, 267 
rmisele eontraetion and, 238, PEx-20 
nerve impulse/action potential and, 

266/ 267, PEx-41 to PEx-42 
Threshold voltage, PEx-42 
for muscle eontraetion, 238, PEx-20 
for neuron aetion potential, 267, 

PEx-42 

Throat (pharynx), 538, 539/ 575/ 577 
Thrombin, 433/ 434 
Thumb (pollex), 2, 3/ 
bones of, 151, 152/ 

Thumb joint (earpometaearpal joint), 170? 
Thymopoietins, 408 
Thymosins, 408 
Thymulin, 408 

Thymus, 18, 19/ 408, 409/ 527/ PEx-60/ 
Thyroeervieal tmnk, 472, 473/ 474/ 
Thyroglobulin, 409 
Thyrohyoid muscle, 204/ 204í 
Thyroid artery, superior, 473/ 

Thyroid eartilage, 109/ 538, 539/ 540/ 
Thyroideetomy, PEx-61 
Thyroid gland, 407-408, 409/ 682, 
PEx-60, PEx-60/ 
isthmus of, 407, 682 
metabolism and, 408, PEx-60 to 
PEx-64 

mieroseopie anatomy of, 409-410, 409/ 
Thyroid hormone (TH), 407-408, 419, 
419/ PEx-60, PEx-60 
metabolism/metabolie rate and, 419, 
PEx-60 to PEx-64 
Thyroid-stimulating hormone (TSH/ 
thyrotropin), 406, 407/ PEx-60 
metabolie rate and, 419, PEx-62 to 
PEx-63 

Thyroid veins, 480/ 

Thyrotropin (thyroid-stimulating 

hormone/TSH), 406, 407/ PEx-60 
metabolie rate and, 419, PEx-62 to 
PEx-63 

Thyrotropin-releasing hormone (TRH), 
419, PEx-61 


Thyroxine (T 4 ), 407, PEx-60, PEx-60. 

See also Thyroid hormone 
metabolism/metabolie rate and, 

PEx-60 to PEx-64 

Tibia (shinbone), 108/ 156, 157/ 177/ 
692/ 693 
Tibial arteries 
anterior, 476, 477/ 
posterior, 476, 477/ 693 
pulse at, 495, 495/ 693 
Tibial eollateral ligament, 177/ 178 
Tibialis anterior muscle, 198/ 220?, 221/ 
222, 692/ 

Tibialis posterior muscle, 223/ 224/ 224? 
Tibial nerve, 317-318, 317/318? 

Tibial tuberosity, 156, 157/ 158, 692/ 693 
Tibial veins, anterior and posterior, 477, 
479/ 

Tibiofemoral joint, 171?, 176 
Tibiofibular joint, 157/ 171? 

Tidal volume (TV), 552, 552/ 554, 555, 
556/ 559/ 562, PEx-106, PEx-107 
Tissue(s), 15, 68. See also speeìfie type 
elassifieation of, 67-92 
eonneetive, 74/ 75-82, 76-81/ 83 
epithelial (epithelium), 68-75, 68/ 69/ 
70-73/ 

muscle, 83-85, 84-85/ 
nervous, 82-83, 82/ 

Tissue faetor (TF), 433, 433/ 

Titin (elastie) filaments, 186/ 

TLC. See Total lung eapaeity 
TM. See Total magnifieation 
TMJ. See Temporomandibular joint 
Toe(s) 

bones of (phalanges), 108/ 157, 158/ 
joints of, 171? 

Tongue, 575-576, 575/ 576/ 577/ 
taste buds on, 399-400, 399/ 400/ 
Tonieity, 58-60, 59/ PEx-9 
Tonsil(s), 527/ 529, 530/ 
lingual, 538, 539/ 576, 577/ 
palatine, 530/ 538, 539/ 576, 576/ 
577/ 

pharyngeal, 527/ 538, 539/ 
tubal, 538, 539/ 

Tonsillar erypts, 529, 530/ 

Tonsillitis, 576 
Tonus, 242 

Total blood counts, 429 
Total foree, muscle eontraetion, 

PEx-27. See also Foree 
Total heart bloek, 519 
Total lung eapaeity, 552/ 559/ 

PEx-107 

Total magnifieation (TM), mieroseope, 29 
Total red blood eell count, 429 
Total white blood eell count, 429 
Touch reeeptors, 96, 350/ 351, 352. See 
also under Taetile 
adaptation of, 353 
T-P segment, 459? 

Trabeculae 
bone, 110, 113 
lymph node, 528/ 529 
spleen, 529/ 

Trabeculae earneae, 445/ 451 
Traehea, 18, 19/ 71/ 539/ 540-541, 540, 
540/ 542/ 543, 543/ 

Traeheal eartilages, 109, 109/ 540/ 541, 
543, 543/ 

Traehealis muscle, 543/ 

Traeheal wall, 543, 543/ 

Traets, 256, 279 
spinal eord, 310, 311, 311/ 

Traits, alleles for, 668 
Transducers 
foree, PEx-17 
sensory reeeptors as, 352 
Transduction, sensory, PEx-39 
Transfusion reaetions, PEx-167 
Transitional epithelium, 69, 73/ 
Transmembrane proteins, in glucose 
reabsorption, PEx-140 
Transport 

eell, 53-65, 54, PEx-3 to PEx-16 
aetive proeesses in, 41, 54, 60-61, 
PEx-3, PEx-4 


passive proeesses in, 41, 54-60, 54, 

PEx-3 

of respiratory gases, 538 
Transverse (term), muscle name and, 197 
Transverse areh of foot, 157, 158/ 
Transverse eerebral fissure, 277/ 288/ 
Transverse eervieal nerve, 313/ 315? 
Transverse eolon, 575/ 583/ 

Transverse humeral ligament, 179/ 
Transverse mesoeolon, 580/ 583/ 
Transverse plane/eross seetion, 5/ 6, 6/ 
Transverse proeess, vertebral, 130/ 131, 
131/ 132, 132/ 133/ 134? 

Transverse sinus, 283/ 

Transverse (T) tubules, 187, 187/ 
Transversm abdominis muscle, 198/ 
206?, 207/ 208/ 

Trapezium, 151, 152/ 201/ 

Trapezius muscles, 197, 198/ 199/ 208?, 
209/ 683, 683/ 684/ 

Trapezoid, 151, 152/ 

Traveling (sound) waves, 384, 386, 387/ 
Treppe, PEx-22 

TRH. See Thyrotropin-releasing hormone 
Triads, 187, 187/ 

Triangle of auscultation, 552, 683, 684/ 
Trieeps (term), muscle name and, 197 
Trieeps braehii muscle, 198/ 199/ 211, 
212/ 212?, 213/ 688, 688/ 

Trieeps surae nmsele, 222? 

Tricuspid valve, 445/ 446, 447/ 451, 
452/ 

auscultation of, 494, 494/ 

Trigeminal nerve (eranial nerve V), 286?, 
288, 288/ 289/ 

Trigger zone, PEx-41 
Triglyeerides, PEx-127 
Trigone, 611/ 

Triiodothyronine (T3), 407. See also 
Thyroid hormone 
Triquetrum, 151, 152/ 

Troehanter (bone marking), 112? 

greater and lesser, 156, 156/ 158, 690 
Troehlea 

of humerus, 150, 150/ 
of talus, 158/ 

Troehlear nerve (eranial nerve IV), 286?, 
287, 288/ 289/ 

Troehlear noteh, 151, 151/ 

Trophoblast, 659, 659/ 

Tropie hormones, 406, PEx-61, PEx-69 
Troponin, muscle eontraetion and, 234 
Tme pelvis, 153 

Tme (vertebrosternal) ribs, 135/ 136 
Tme voeal eords (voeal folds), 539, 539/ 
540/ 

Tmnk 

rmiseles of, 197, 208-211?, 209-211/ 
surface anatomy of, 682-684, 684/ 
685/ 

Tmnks, braehial plexus, 313, 314/ 
Trypsin, 598 

protein digestion by, 597/ 598-599 
T seore, PEx-67 

TSH. See Thyroid-stimulating hormone 
T (transverse) tubules, 187, 187/ 

TTX. See Tetrodotoxin 
Tubal tonsils, 538, 539/ 

Tubercle (bone marking), 112? 

Tuberosity (bone marking), 112? 
Tubocurarine, nerve function affeeted 
by, 269 

Tubular reabsorption, 613-614, 

PEx-132, PEx-139, PEx-140 
glucose earrier proteins and, 

PEx-140 to PEx-142 
urine eoneentration and, 613-614, 
PEx-139 to PEx-140 
Tubular seeretion, 614, PEx-132 
Tubulins, 44 
Tunic(s) 

alimentary eanal, 574 
blood vessel, 470-471, 470/ 

Tunica albuginea 
ovarian, 650/ 
testicular, 631/ 633, 633/ 

Tunica externa, 470/ 471 
Tunica intima, 470, 470/ 


Tunica media, 470/ 471 
Tuning fork tests, of hearing, 388, 388/ 
Turbinates, nasal (nasal eonehae) 
inferior, 125/ 128, 538, 539/ 
middle, 124/ 125/ 127, 538, 539/ 
superior, 127, 538, 539/ 

Turk’s saddle (sella turcica), 123/ 124/ 
126 

TV. See Tidal volume 
T wave, 459/ 459? 

Twitch, muscle, 238, 238/ 239, 

PEx-18 to PEx-20, PEx-20 
2 n (diploid ehromosomal number), 646, 
668 

Two-point diserimination test, 352 
Two-point threshold, 352 
Tympanie eavity, 384-385 
Tympanie membrane (eardmm), 384, 

384/ 

Tympanie part, of temporal bone, 120 
Type 1 diabetes mellitm, PEx-64 
Type 2 diabetes mellitm, PEx-64 
Type A blood/blood antigen, 434?, 435/ 
PEx-162, PEx-167, PEx-168? 
antibodies and, 434?, 435/ PEx-168, 
PEx-168? 

inheritanee and, PEx-167 
Type AB blood, 434?, 435/ PEx-167, 
PEx-168? 

inheritanee and, PEx-167 
Type B blood/blood antigen, 434?, 435/ 
PEx-162, PEx-167, PEx-168? 
antibodies and, 434?, 435/ PEx-168, 
PEx-168? 

inheritanee and, PEx-167 
Type lines (fingerprint), 101 
Type O blood, 434?, 435/ PEx-167, 
PEx-168? 

inheritanee and, PEx-167 

Ulcers, decubitus (bedsores), 96, 96/ 
Ulna, 108/ 150/ 151, 151/ 152, 152/ 
688, 688/ 689/ 

Ulnar artery, 474, 474/ 689, 689/ 
pulse at, 689, 689/ 

Ulnar head, 151, 151/ 688, 688/ 689/ 
Ulnarnerve, 314/ 315?, 316 
Ulnarnotch, 150, 151/ 

Ulnar styloid proeess, 151, 151/ 152, 

688, 689/ 

Ulnar vein, 479, 481/ 

Umami (taste), 400 
Umbilical (term), 2, 3/ 

Umbilical arteries, 482, 483/ 662, 662/ 
Umbilical eord, 482, 483/ 660, 660/ 661, 
662, 662/ 

Umbilical hemia, 686 

Umbilical ligaments, medial, 483/ 484 

Umbilical region, 8, 9/ 

Umbilical vein, 482, 483/ 662, 662/ 
Umbilicus (navel), 482, 483/ 686 
Uncus, 278, 280/ 

Unfused tetanus, PEx-24, PEx-25 
Uniaxial joints/movement, 168/ 172/ 173 
Unipennate fascicles/muscles, 196/ 
Unipolar neurons, 257, 258/ 

Uniporter, PEx-13 

Upper limb. See also Arm; Forearm; 

Hand 

blood vessels of 
arteries, 474, 474/ 
veins, 479, 481/ 

bones of, 108/ 148-152, 149/ 150/ 
151/ 152/ 

mmeles of, 198/ 199/ 211-215, 212/ 
212?, 213-215/ 213-214? 
nerves of, 313-316, 313/ 314/ 315? 
surface anatomy of, 3/ 152, 

687-690, 687/ 688/ 689/ 690/ 
Upper respiratory system, 538-539, 539/ 
540/ 

Urea, 622, 624 

Ureter(s), 20, 21/ 22/ 610/ 611, 611/ 
612/616/ 

Urethra, 22, 73/ 610/ 611, 611/ 630/ 
631/ 632, 635/ 

Urethral orifiee, external, 21/ 611/ 612, 
630/ 631/ 634/ 635/ 
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Urethral sphineters, 611/, 615 
Uric aeid, 622 
Urinalysis, 621-628 
Urinary bladder, 20, 20/ 21/ 22/ 73/ 
610/611,611/615 

functional mieroseopie anatomy of, 
615-616 
palpable, 687 

Urinary easts, 623, 626, 626/ 

Urinary system, 16?, 610, 610/ 611/ See 
also speeifie organ 
anatomy of, 609-620 
functional mieroseopie anatomy of 
kidney/bladder, 613-616, 614/ 
615/ 616/ 

gross anatomy, 610/ 611-613, 611/ 
612/ 

Urination (voiding/micturition), 615 
Urine 

abnormal constituents in, 622-623 
eharaeteristies of, 622, 623-624 
formation of, 613-614 
hormones affeeting, PEx-142 to 
PEx-143 

inorganie constituents in, 624 
organie constituents in, 624-625 
sample analysis and, 623-626 
Urine eoneentration, 622 
solute gradient and, PEx-139 to 
PEx-140 

Urine sediment, 626, 626/ 

Urobilinogen, 623, 624 

Urochrome, 622 

Uterine body, 635/ 636 

Uterine (menstmal) eyele, 651, 651/ 652/ 

Uterine homs, 21, 21/ 

Uterine (Fallopian) tube(s), 22, 22/ 635/ 
636, 637/ 

Uterosacral ligaments, 635/ 636 
Uterus, 21, 21/ 22, 22/ 634, 635/ 636, 
636/ 

oxytocin affeeting, PEx-60 
Utricle, 385/ 389 

Uvea (vascular layer of eye), 361, 362/ 
Uvula, 539/ 575, 576/ 577/ 

Vagal eseape, PEx-95 
Vagina, 21, 21/ 22, 22/ 634, 635/ 

Vaginal orifiee, 21, 21/ 22, 22/ 634/ 
Vagus nerve (eranial nerve X), 287/, 288, 
288/ 289/ 399 

heart affeeted by stimulation of, 
518-519, PEx-95 to PEx-96 
Vallate papillae, 399, 399/ 

Valves 

of eolleeting lymphatie vessels, 527, 
527/ 

of heart, 445/ 446, 447/ PEx-86 
murmurs and, 482 
venous, 472 

Variable (V) region, immunoglobulin, 

530, 531/PEx-182 
Vasa reeta, 613, 614/ 

Vasa vasomm, 471 

Vascular layer of eye (uvea), 361, 362/ 
Vas (ductus) deferens, 21, 21/ 22, 22/ 
630/ 631, 631/ 

Vaseetomy, 632 
Vasoeonstrietion, PEx-76 
Vasodilation, PEx-76 
skin eolor ehange/loeal metabolites and, 
502-503 

Vastus intermedius muscle, 217/ 218/ 
Vastus lateralis muscle, 198/ 217/ 218/, 
691/ 692/ 693 

for intramuscular injeetions, 691/ 693 
Vastus medialis muscle, 198/ 217/ 218/, 
692/ 

VBD. See Vertebral bone density 
VC. See Vital eapaeity 
Veins, 470, 470/ 472, 477-479, 478/. See 
also speeifie named vein 
Veloeity, shortening, PEx-28 
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Venae eavae 

inferior, 20, 21/ 444/ 445/ 446, 448/ 
450/ 480/ 481/ 

veins draining into, 477-478, 479/ 
480/ 481/ 

superior, 19/ 444/ 445/ 446, 448/ 
450/ 480/ 481/ 

veins draining into, 478-479, 480/ 
481/ 

Venous arehes 
deep palmar, 481/ 
dorsal, 477, 479/ 692/ 694 
superficial palmar, 481/ 

Venous eongestion, skin eolor and, 503 
Venous pressure, 499 
Venous valves, 472 
Ventilation. See Breathing 
Ventral (term), 3-4, 4/ 

Ventral body eavity, 6-8, 7/ 17-22 
Ventral (anterior) funiculus, 310, 310/ 
312/ 

Ventral gluteal site, 691-693, 691/ 
Ventral (anterior) homs, 281/ 284/ 308, 
310/ 312/ 

Ventral median fissure, 308, 310/ 312/ 
Ventral rami, 312, 313, 313/ 314/ 316, 
316/ 317/ 

Ventral root, 308, 310/ 313/ 

Ventrieles 

brain, 276/ 277, 280/, 281/ 284/ 292/ 
eerebrospinal fluid circulation and, 
283-285, 284/ 

eardiae, 444/ 445/ 446, 448/ 

450-451, 450/ 452/ 
in frog, 513/ 

right versus left, 451-452, 452/ 
Venules, 519-520, 519/ 

Vermis, 282, 282/ 

Vertebra(e), 108/ 130. See also Vertebral 
column 

eervieal, 130/ 132, 132/ 133/ 134? 
himbar, 130/ 132-133, 133/ 134? 
spinal eord relationship to, 310/ 
structure of, 131-132, 131/ 134? 
thoraeie, 130/ 132, 133/ 134? 

Vertebral (term), 2, 3/ 

Vertebral areh, 131, 131/ 132/ 

Vertebral arteries, 472, 473, 473/ 474/ 
Vertebral bone density, PEx-67 
Vertebral (medial) border of scapula, 148, 
149/ 683 

Vertebral (spinal) eavity, 6, 7/ 

Vertebral column, 108/ 130-135, 130/ 
131/. See also Vertebra(e) 
mmeles assoeiated with, 209-211?, 
210 - 211 / 

Vertebral (spinal) foramen, 131, 131/ 
133/ 134? 

Vertebral (floating) ribs, 135/ 136 
Vertebral veins, 479, 480/ 

Vertebra prominens, 130/ 132, 681 
Vertebroehondral ribs, 136 
Vertebrosternal (tme) ribs, 135/ 136 
Vertigo, 391 

in equilibrium testing, 391-392 
Vesiele(s), in transport, 60, 61, 61/ 
seeretory, 61 

Vesicouterine pouch, 635/ 

Vesicular breathing sounds, 551 
Vesicular (antral) folliele, 649/ 650, 650/ 
651, 652/ 

Vesicular transport, 60-61, 61/ PEx-4 
Vessel length, blood flow and, PEx-76, 
PEx-79 
Vessel radius 

blood flow and, PEx-76, PEx-76 to 
PEx-78 

glomemlar filtration and, PEx-132 to 
PEx-135, PEx-137 to PEx-139 
pump aetivity and, PEx-82 to PEx-83 
Vessel resistanee, PEx-75, PEx-76 
blood flow and, PEx-75 to PEx-76, 
PEx-76, PEx-76 to PEx-88 


compensation/cardiovascular 
pathology and, PEx-86 
blood pressure and, 500, PEx-75 to 
PEx-76, PEx-76 
Vestibular apparatus, 389 
Vestibular folds (false voeal eords), 539, 
539/ 540/ 

Vestibular glands, greater, 634, 634/ 635/ 
Vestibular membrane, 386, 386/ 

Vestibule 
of ear, 385, 385/ 
oral, 576, 576/ 
of vagina, 634, 634/ 

Vestibulocochlear nerve (eranial nerve 
VIII), 287?, 288, 288/ 289/ 

Viewing window (ophthalmoseope), 

376, 376/ 

Villi 

araehnoid, 283, 283/ 284/ 
ehorionie, 660, 660/ 662/ 
intestinal, 581, 581/ 582, 582/ 583 
Virtual image, 29, 30/ 

Viseeral layer/pericardium (epicardium), 
7/ 445/ 446, 449 
Viseeral (smooth) muscle, 85, 85/ 
Viseeral peritonemn, 7/ 574, 580/ 
in duodenum, 582 
Viseeral pleura, 7/ 542/ 543 
Viseeral (autonomic) reflexes, 336, 
340-341 

Viseeral serosa, 6-7, 7/ 

Viseeroeeptors (interoeeptors), 350 
Viseosity, PEx-78 
blood, PEx-76, PEx-78 
blood flow and, PEx-76, PEx-78 to 
PEx-79 

Vision. See also under Visual and Eye 
binocular, 374-375, 374/ 
eolor, 364, 374 

eortieal areas in, 278, 278/ 364, 366/ 
equilibrium and, 392 
tests/experiments and, 371-381. See 
also speeifie test 

visual system anatomy and, 359-370. 
See also Visual system anatomy 
Visual acuity, 373-374 
Visual assoeiation area, 278/ 

Visual cortex, primary, 278/ 364, 366/ 
Visual fìelds, 374-375, 374/ 

Visual pathways, 364-366, 366/ 

Visual system anatomy, 359-370 
external eye/aeeessory structures, 
359-360, 360/ 361/ 
internal eye, 360-363, 362/ 363/ 
pathways to brain, 364-366, 366/ 
retinal, 363/ 364 

Visual tests/experiments, 371-381. See 
also speeifie test 

Vital eapaeity (VC), 552, 552/ 554, 556, 
559, 559/ PEx-107 
foreed, 557-559, 558/ PEx-107 
predieted, 556-557, 559 
Vitreous humor/vitreous body, 362/ 363 
Voeal eords 

false (vestibular folds), 539, 539/ 540/ 
tme (voeal folds), 539, 539/ 

540/ 

Voeal folds (tme voeal eords), 539, 539/ 
540/ 

Voeal ligaments, 539 
Voiding (micturition), 615 
Volkmann’s (perforating) eanals, 113/ 

114 

Volt(s), galvanie skin potential measured 
in, 326 

Voltage (stimulus). See Stimulus 

intensity/stimulus voltage; Threshold 
voltage 

Voltage-gated potassium ehannels, 
refraetory periods and, PEx-44 
Voltage-gated sodium ehannels, 

PEx-42 to PEx-44 
refraetory periods and, PEx-44 


Volume, osmosis affeeting, PEx-8 
Voluntary muscle, 187. See also Skeletal 
muscle(s) 

Voluntary nervous system. See Somatie 
nervous system 
Vomer, 122/ 125/ 128 
Vomiting, metabolie alkalosis and, 
PEx-154 

V (variable) region, immunoglobulin, 

530, 531/ PEx-182 
Vulva (extemal genitalia), 634, 634/ 

Water, diffusion through, 56 
Wave (temporal) summation, 239-240, 
239/ 241-244, 242, 242/ 243/ 
PEx-22, PEx-94 
WBCs. See White blood eell(s) 

Weak aeid, 564, PEx-149 
Weak base, 564, PEx-149 
Weber test, 388, 388/ 

Wernicke’s area, 278, 278/ 

Westem blotting, PEx-184 to 
PEx-186 

Wet mount, 33-34, 33/ 

Wet spirometers, 552, 553/ 

Wheal, 504 

Wheel spirometer, 552, 552/ 

White blood eell(s) (leukocytes/WBCs), 
81/ 424-425, 425/ 426?, 427/ 
428-429, 428/ 
in urine (pyuria), 623, 624 
White blood eell count 
differential, 429-430, 430/ 
total, 429 

White columns, 310, 310/ 

White matter, 256 
eerebellar, 279, 282 
eerebral, 276/ 277/ 278, 279, 281/ 
of spinal eord, 308-3 11 
White pulp, 529, 529/ 

White ramus communicans, 

324, 325/ 

Whorls (fingerprint), 101, 101/ 

Widow’s peak, genotype/phenotype and, 
671, 672/ 

Willis, eirele of, 472, 473/ 474 

Wisdom teeth, 584/ 585 

Working distanee (mieroseope), 30, 31, 

31/ 

Wright handheld dry spirometer, 552, 
552/ 

Wrist 

bones of, 151, 152/ 
fracture of, 688 

muscles aeting on, 211, 213-215/ 
213-214?, 689, 689/ 

Wrist joint, 170? 

X ehromosome, 669/ 670 
Xiphisternal joint, 135/ 136, 684, 685/ 
Xiphoid proeess, 135, 135/ 683, 685/ 
X-linked inheritanee, 670 

Y ehromosome, 669/ 670 
Yellow rnarrow, 110, 111/ 

Yolk sae, 660, 660/ 662/ 

Zdises, 186/ 187, 187/ 

Zona fasciculata, 410/ 411 
Zona glomemlosa, 410/ 411 
Zona pelhieida, 650/ 658, 659/ 

Zona reticularis, 410/ 411 
Zygomatie areh, 120, 122/ 129, 680/ 681 
Zygomatie bone, 121/ 122/ 125/ 126/ 
128, 128/ 129 

Zygomatie proeess, 120, 121/ 122/ 127/ 
128/ 

Zygomaticus mmeles, 197, 198/ 200?, 

201 / 

Zygote (fertilized egg), 646, 649, 658, 
659/ 

Zymogenie (ehief) eells, PEx-125 




